


CONTENTS. 


PAC15 

NTEOT)TJCt|pN . . \ r • 1 

PART I. 

GENEBAL PAJRT, 

DIVISION U 

EXECUTION OP A^LYSIS. 

SEOtJON I. 

Operations, § i . % . : . 

■ . I. Determination of quantity,^ 2 . . * 

1. Weighing, 63 . 

a. <The balance . . . * 

»• Accuracy, § 4- . .* 

Sensibility, § 5 . > \ 

Testing, § 6 and § 7 : . 

b. The weights, §8 . .... 

c. The process of weighing, § 9 . 

Rules, § 10 . \ '/ . •« . 

2. Measuring, § 11 , . . 

a. JThe measuring of gases/ § 12 . 

Correct reading off, § 13 . 

Influence of temperature, § 14 
Influence of pressure,. § 15 . 

Inhq|ace of moisture, § 16 . 

b. The measuring of fluids, § 17 . 
a. Measuring vessels graduated for holding. 

aa. Vessels serving to ’ measure out one definite 
volume of fluid. 

bb. Vessels serving to ine^ureout different voiumes 
of fluid. 

2. The graduated cylinder, § 19 y . . . 29 

0 . Measuring vessels graduated for delivering. 

aa. Vessels serving; td measure* out ^tiruefinite t ' 
volume of fluidv * ’ 

3. The craduated^ipette, §-2o . . . .29 

bb. V essels wrving ^measure out different volumes' ■.& 

of fluid ■ 

4. The burette. V 

I. MoHE’^burette, ^ 21 . . . 

II. Gay-Ijdssac’s .burette, § 22 . , 36 

III. GBia&SidB buretteA* 23 . * V) 


9 
9 
9 

10 

11 

12 

15 

16 

18 

19 

20 
22 

25 

25 

26 



CONTENTS. 


viii 


PAG R 


IT. Preparation of substances for tlie processes of quantitative 
analysis. 

t. {Selection of the sample, § 24 

2. Mechanical division, § 25 

3. Drying, § 26 

Desiccators, § 27 

Water-baths, § 28 

Air-baths, § 29 

Oil-baths, § 30 

Drying-disk, § 31 

TIL General procedure in quantitative analysis, § 32 . 

1. Weighing the substance, § 33 

2 Estimation of water, § 34 . • . * . • 

a. Estimation of water by loss of weight, §35 ■ 

b. Estimation of water by direct weighing, § 36 . 

3. Solution of substances, § 37 

a. Direct solution, § 38 

b. Solution, preceded by fusion, § 39 . . 

4. Conversion of the dissolved substance into a weighable 

form, § 40 

a. Evaporation, § 

Weighing of residues, § 42 

b. Precipitation, § 43 . - • • * • 

a. Separation of precipitates by decantation, § 44 
/3. Separation of precipitates by filtration 
aa. Ordinary filtration, § 45. 

aa. Filtering apparatus .... 
Pfi. Rules in filtering .... 

yy. Washing, § 46 

bb. Filtration by suction, § 47 ■ 

y. Separation of precipitates by decantation and 
filtration, § 48 . . 

Further treatment of precipitates, § 49 . . ■ • 

aa. Drying of precipitates, § 50 
bb. Ignition of precipitates, § 51 

First method, § 52 

Second method, § 53 

5 Volumetric analysis, § 


37 

38 ' 

40 

41 
43 
47 ' 
49 
5° 

51 ‘ 

52 

53 „ 

54 ■ 
S ( 

5< ■: 
5 «"' 
59 1 ; 

59 

60 
65 
67 
6? 
69 

6 9 

71 

72 


79 

8c 

8c: 

82 

84 

8 C 

8? 


SECTION II. 

Reagents, § 55. . . , . . . 

A. Reagents for gravimetric analysis m the wet way. 

I. Simple solvents, § 56 


II. Acids and halogens. 

a. Oxygen acids, § 57 . 

b. Hydrogen acids and halogens, § 58 

c. Sulpho-acids .... 


I IT. Bases and metals. 

a. Oxygen bases and metals. 

a. Alkalies, and 

p. Alkaline earths, § 59 . . • • • 

y. Heavy metals and oxides of heavy metals, § 00 

b. Sulpho -bases 


IV. Salts. 

a. Salts of the alkalies, § 61 

b. Salts of the alkaline earths, § 62 . 

r.. Salts of the oxides of the heavy metals, § 63 . 


9c 


92 

92 


92 

94 

95 

95 

? 



CONTENTS. ix 

PAfiK 

B. Reagents for gravimetric analysis in the dry way, § 64 . . 99 

C. Reagents for volumetric analysis, § 65 102 

D. Reagents for organic analysis, § 66 106 

SECTION III. 

Forms and combinations in which substances arc separated from each 
other or weighed, § 67 1 1 1 

A. Bases. 

First group. 

1 . Potassa, § 68 1 1 2 

2. Soda, §69 1 14 

3. Ammonia, § 70 . 116 

igjicoxu GROUP. 

1. Baryta, §71 118 

2. Strontia, § 72 1 20 

3. Lime, § 73 121 

4. Magnesia, § 74 123 

T&ird group. 

' 1. Alumina, § 75 126 

2. Sesquioxide of chromium, § 76 127 

Fourth group. 

1. Oxide of zinc, § 77 128 

2. Protoxide of manganese, § 7.8 130 

3. Protoxide of nickel, § 79 . 1 33 

4. Protoxide of cobalt, § 80 ' . . . 134 

5. Protoxide; and 6. Sesquioxide of iron, § 81 . . . .136 

FlfTU GROUP. 

1. Oxide of silver, § 82 139 

2. Oxide of lead, § 83 14 1 

3. Suboxide of mercury; and 4. Oxide ot ! mercury, § 84 . . 144 

5. Oxide of copper, § 85 146 

6. Peroxide of bismuth, § 86 148 

7. Oxide of cadmium, § 87 150 

pTH GROUP. 

1 . Peroxide of gold, § 88 1 5 1 

2. Binoxide of platinum, § 89 15 2 

3. Peroxide of antimony, § 90 15 2 

4. Protoxide of tin ; and 5. Binoxide of tin, § 91 . . . . 1 54 

6. Arsenious acid; and 7. Arsenic acid, § 92 15S 

B. Acids. 

|rst group, § 93 •’ . 1 59 

C05 JD group, § 94 166 

hid group, § 95 . 9 168 



CONTENTS. 


SECTION IV. 

Determination of bodies, § 96 . . 

I. Estimation of the bases. 

First group. 

1.. Potassa, § 97 

2. Soda, § 98 

3. Ammonia, § 99 

4. (Lithia), § ioo 


Second group. 

1. Baryta, §101 

2. Strontia, § 102 . 

3. Lime, § 103 . 

4. Magnesia, § 104 . 


Third grot p. 

1. Alumina, § 105 . 

2. Sesquioxide of chromium, § 106 

3. (Titanic acid), § 107 . 


Fourth group. 

1. Oxide of zinc, § 108 

2. Protoxide of manganese, § 109 

3. Protoxide of nickel, § 1 10 . 

4. Protoxide of cobalt, § 1 1 1 . 

5. Protoxide of iron, § 1 1 2 

6. Sesquioxide of iron, § 1 13 . 

7. (Sesquioxide of uranium), § 114 


Fifth group. 

1. Oxide of silver, § 115 . 

2. Oxide of lead, §116 

3 Suboxide of mercury, § 117 

4. Oxide of mercury, § 118 

5. Oxide of copper, § 119 

6. Teroxide of bismuth, § 120 . 

7. Oxide of cadmium, § 12 1 

8. (Protoxide of palladium), § 122 


Sixth group. 

1 . Teroxide of gold, §123 

2. Binoxide of platinum, § 124 

3. Teroxide of antimony, § 125 . 

4. Protoxide of tin; and 5. Binoxide of tin, § 126 
6. Arsenious acid; and 7. Arsenic acid, § 127 

8. (Molybdic acid), § 128 .... 

II. Estimation of the acids. 


pagp. 

. 169 


. ■ 171 

• 175 
. 177 

. I8l 


. 182 
. 184 

. 185 
. I89 


191 

194 

196 


197 
201 
20 7 
210 
213 
22 I 
229 


• 231 
. 241 
. 2 4 S 
. 249 

• 253 

. 262 
265 
. 267 


3^8 
270 
272 
2 77 
281 
288 


o 


First group. 

First Division. 

1. Arsenious and arsenic acids, § 129 290 

2. Chromic acid, § 130 • 290 

Supplement: Selenious, sulphurous, hypisulph^irous, iodic, and # 

nitrous acids, §131 2 95 



CONTENTS. 


xi 


Second division. 

Sulphuric acid, §132 

Supplement,: Hydrofluosilicie acid, § 133 . 

Third division. 

1. Phosphoric acid. 

L. Determination, § 134 
II. Separation from the bases, § 135 

2. Boracic acid, § 136 

3. Oxalic acid, § 137 

4. Hydrofluoric acid, § 138 

Fourth division. 

1. Carbonic acid, § 139 

2. Silicic acid, § 140 ..... 

^COND GROUP. 

1. Hydrochloric acid, § 141 . 

Supplement : Free chlorine, § 142 

2. Hydrobromic acid, § 143 
Supplement : Free bromine, § 144 

3. Hydriodie acid, § 145 

Supplement : Free iodine, § 146 

4. Hydrocyanic acid, § 147 . 

5. Hydrosulphuric acid, § 148 

Third group. 

1. Nitric acid, § 149 

2. Chloric acid, § 150 


SECTION V. 
Separation of bodies, § 1 5 1 


PAGE 

298 
3 ° 4 


3 ° 5 
3>4 
320 

324 

326 


330 

346 


354 

360 

362 

365 

365 

369 

373 

380 


390 

403 


405 


; I. SEPARATION OP BASES FROM EACH OTHER, 

Fj»ST GROUP. 

Separation of the alkalies from each other, § 152 


407 


ND GROUP. 

I. Reparation of the oxides of the second group from those of the 

first, §153 

II* Separation ot the oxides of the second group from each other, 

§154 


413 

418 


|rd group. 

I. Separation of the oxides of the third group from the alkalies, 

TT H § os • , . .. . 

II. Separation ot the oxides of the third group from the alkaline 

earths, §156 

III. Separation of the oxides of the third group from each other, 
§ 157 


423 

424 
428 


J’OURTH GROUP. 


I. Separation of the oxides of the fourth group from tho alkalies, 

TT Q § l 5 $ • • 428 

11. Separation of the oxides of the fourth group from the alkaline 

earths, § 159 430 



CONTENTS. 


xii 

PAG S 

III. Separation of tho^oxides of the fourth group from thoso of the 

third and from each other, § 160 433 

IV. Separation of the sesquioxide of iron, alumina, protoxide of 

manganese, lime, magnesia, potassa, and sGda, § l«6l . 449 

Fifth grout. 

I. Separation of the oxides of the fifth group from those of the 

preceding four groups, § 162 456 

II. Separation of the oxides of-* the fifth group from each other, 

§ 1 63 463 

Sixth grout. 

I. Separation of the oxides of the sixth group from those of the 

first five groups, § 164 473 

II. Separation of the oxides of the sixth group from each other, 

§ 165 485 

II. SETA RATION OF AGIOS FROM EACH OTHER. 

First group, § 166 495 

Second group. 

I. Separation of the acids of the second group from those of the 

first, § 167 501 

Supplement : Analysis of compounds containing sulphides of 
the alkali metals, carbonates, sulphates, and hyposulphites, 

§ l6 ? • • 503 

II. Separation of the acids of the second group from each other, 

§ 169 504 

Third group, § 170. 

Separation of the acids of the third group from those of the first 
two groups, and from each other 514 



INTRODUCTION 


As we have already seen in the Introduction to my “ Qualitative Ana- 
lysis,” — to which the present work may be regarded as the sequel — 
Chemical Analysis comprises two branches, viz., qualitative analysis, 
and quantitative analysis ; the object of the former being to ascertain 
the nature, that of the latter to determine the amount, of the several 
component parts of any compound. 

By qualitative analysis we convert the unknown constituents of a 
body into certain known forms or combinations; and we are thus 
enabled to draw correct inferences respecting the nature of these un- 
known constituents. Quantitative analysis attains its object, according 
to circumstances, often by very different ways ; the two methods most 
widely differing from each other, are analysis by weight, or gravimetric 
analysis, and analysis by measure, or volumetric analysis. 

Gravimetric Analysis has for its object to convert the known consti- 
tuents of a substance into forms or combinations which will admit of 
the most exact determination of their weight, and of which, moreover, 
the composition is accurately known. 

These new forms or combinations may be either educts — i.e., bodies 
which were present as such in the analysed substance (suph as water 
in crystallized sulphate of soda, or charcoal in gunpowder), or they may 
be products, i.e. } bodies which have been formed from the constituents 
of the analysed substance by the addition of other elements (such as 
carbonic acid and water by the combustion of paraffin, or sulphate of 
baryta by the mixture of chloride of barium with sulphuric acid). In 
the former case, the ascertained weight of the eliminated substance is 
the direct expression of the amount in which it existed in the compound 
under examination ; whilst in the latter case, the quantity in which the 
eliminated constituent was originally present in the analysed compound, 
has to be deduced by calculation from the quantity in which it exists 
in its new combination. 

The following example will serve to illustrate these points : — Sup- 
pose we wish to determine the quantity of mercury contained in the 
° chloride of that metal ; now, we may do this, either by precipitating 
the mercury in the metallic state from the solution of the chloride, say 
by means of protochloride of tin ; or we may attain our object by pre- 
cipitating the solution by sulphuretted hydrogen, and weighing the 
precipitated sulphide of mercury, ioo parts of chloride of mercury 
consist of 73*82 of mercury and 26*18 of chlorine; consequently, if 
tfce process is conducted with absolute accuracy, the precipitation of 

QUANT. VOL. I. 
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ioo parts of chloride of mercury by protocbloride of tin will yield 73*82 
parts of metallic mercury. "With equally exact manipulation the other 
method yields 85*634 parts of sulphide of mercury. Now, in the former 
case we find the number 73*82 directly; in the latter case we have 
to deduce it by calculation: — (100 parts of sulphide of mercury con- 
tain 86*207 parts of mercury; how much mercury do 85*634 parts 
contain 1) 

100 : 85*634 :: 86*207 • x — £*5=73*82. 

As already hinted, it is absolutely indispensable that the forms into 
which bodies are converted for the purpose of estimation by weight 
should fulfil two conditions, first, they must be capable of being weighed 
exactly, secondly, they must be of known composition ; for it is quite 
obvious, on the one hand, that accurate quantitative analysis must be 
altogether impossible if the substance the quantity of which it is in- 
tended to ascertain, does not admit of correct weighing ; and on the 
other hand, it is equally evident, that if we do not know the exact 
composition of a new product, we lack the necessary basis of our cal- 
culation. 

Volumetric Analysis is based upon a very different principle from that 
of gravimetric analysis — viz., it effects the quantitative determination 
of a body, by converting it from a certain definite state to another 
equally definite state, by means of a fluid of accurately known power 
of action, and under circumstances which permit the analyst to mark 
with rigorous precision the exact point when the conversion is accom- 
plished. The following example will serve to illustrate the principle of 
this method : — Permanganate of potassa added to a solution of sulphate 
of protoxide of iron acidified with sulphuric acid, immediately converts 
the protoxide of iron into sesquioxide ; the permanganic acid, which is 
characterized by its intense color, yielding up oxygen and changing 
to protoxide of manganese, which combines with the sulphuric acid 
present to colorless sulphate of protoxide of manganese. If, therefore, 
to an acidified fluid containing protoxide of iron, we add, drop by drop, 
a solution of permanganate of potassa, its red color continues for some 
time to disappear upon stirring ; but at last a point is reached when 
the coloration, imparted to the fluid by the List drop added, remains : 
this point marks the termination of the conversion of the protoxide of 
iron to sesquioxide. 

Now, by accurately determining the strength or power of action of 
the solution of permanganate of potassa — which is done simply by 
making it act upon a known quantity of protoxide of iron in solution, 
and correctly noting how much of it is required to effect the conversion 
of that protoxide to the state of sesquioxide — we are now able with this 
solution to determine the exact amount of protoxide of iron present in 
any solution. Thus, we will assume, for instance, that we have found 
it takes exactly 100 parts of our solution of permanganate of potassa to 
oxidize 2 parts of protoxide of iron ; if now, in testing, with this stan- 
dard solution of permanganate of potassa any solution containing an 
unknown quantity of protoxide of iron we find that 100 parts of our 
standard fluid are required to oxidize the iron, we know at once that 
the examined fluid contained exactly 2 parts of protoxide of iron ; if 
50 parts are required, we know that one part of protoxide of iron was 
present, and so on. Accordingly, by simply measuring the quantity 
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used of our standard solution of permanganate of potassa, we arrive at 
once at an accurate knowledge of the amount of protoxide of iron. 

As the process of measuring is mostly adopted, in preference to that 
of weighing, for determining the quantity used of the standard fluid, 
we give to this analytical method the name of volumetric analysis. It 
generally leads to the attainment of the object in view with much 
greater expedition than gravimetric analysis. 

To this brief intimation of the general purport and object of quanti- 
tative analysis and the general mode of proceeding in analytical re- 
searches, I have to add that certain qualifications are essential to those 
who would devote themselves successfully to the pursuit of this branch. 
These qualifications are, i, theoretical knowledge ; 2, skill in manipu- 
lation; and 3, strict conscientiousness. 

The preliminary knowledge required consists in an acquaintance 
with qualitative analysis, the stoichiometric laws, and simple arithmetic. 
Thus prepared, we shall understand the method by which bodies are 
separated and determined, and we shall be in a position to perform our 
calculations, by which, on the one hand, the formula? of compounds are 
deduced from the analytical results ; and on the other hand, the cor- 
rectness of the adopted methods is tested, and the results obtained aro 
controlled. 

To this knowledge must be joined the ability of performing the 
necessary practical operations. This axiom generally holds good for 
all applied sciences, but if it is true of one more than another, quan- 
titative analysis is that one. The most extensive and solid theoretical 
acquirements will not enable us, for instance, to determine the amount 
of common salt present in a solution, if we are without the requisite 
dexterity to transfer a fluid from one vessel to another without the 
smallest loss by spirting, running down the side, Am. Tho various 
operations of quantitative analysis demand great aptitudo and manual 
skill, which can be acquired only by practice. But even the possession 
of the greatest practical skill in manipulation, joined to a thorough 
theoretical knowledge, will still prove insufficient to insure a successful 
pursuit of quantitative researches, unless also combined with a sincere 
love of truth and a firm determination to accept none but thoroughly 
confirmed results. 

Every one who has been engaged in quantitative analysis knows 
that cases will sometimes occur, especially when commencing tho 
study, jin which doubts may bo entertained whether the result will 
turn out correct, or in which even tho operator is positively convinced 
thlit it cannot be quite correct. Thus, for instance, a small portion of 
the substance under investigation may be spilled, or some of it lost by 
decrepitation ; or the analyst may have reason to doubt the accuracy 
of his weighing; or it may happen that two analyses of the same 
substance do not exactly agree. In all such cases it is indispensable 
that the operator should be conscientious enough to repeat the whole 
process over again. He who is not possessed of this self-command, 
who shirks trouble where truth is at stake, who would be satisfied with 
mere assumptions and guess-work where the attainment of positive 
certainty is the object, must be pronounced just as deficient in the 
necessary qualifications for quantitative analytical researches, as he who 
is wanting in knowledge or skill. He, therefore, who cannot fully 
tfust his work, who* cannot swear to the correctness of his results, 
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may indeed occupy himself with quantitative analysis by way of 
practice, but he ought on no account to publish or uso his results as if 
they were positive, since such proceeding could not conduce to his 
own advantage, and would certainly be mischievous as regards the 
science. 

The domain of quantitative analysis may be said to extend over all 
matter — that is, in other words, anything corporeal may become the 
object of quantitative investigation. The present work, however, is 
intended to embrace only the substances used in pharmacy, arts, trades, 
and agriculture. Quantitative analysis may be subdivided into two 
branches — viz., analysis of mixtures and analysis of chemical com- 
pounds. This division may appear at first sight of very small moment, 
yet it is necessary that we should establish and maintain it, if we would 
form a clear conception of the value and utility of quantitative research. 
The quantitative analysis of mixtures too has not the same aim as that 
of chemical compounds ; and the method applied to secure the correct- 
ness of the results in the former case is different from that adopted in 
the latter. The quantitative analysis of chemical compounds also 
rather subserves the purposes of the science, whilst that of mixtures 
belongs to the practical purposes of life. If, for instance, I analyse the 
salt of an acid, the result of the analysis will give me the constitution 
of that acid, its combining proportion, saturating capacity, &c. ; or, in 
other words, the results obtained would enable me to answer a series of 
questions of which the solution is important for the theory of chemical 
science. But if, on the other hand, I analyse gunpowder, alloys, 
medicinal mixtures, ashes of plants, &c., I have a very different object 
in view ; I do not want in such cases to apply the results which I may 
obtain to the solution of any theoretical question, but I want to render 
a practical service either to the arts and industries, or to some other 
science. If in the analysis of a chemical compound, I wish to control 
the results obtained, I may do this in most cases by means of calcula- 
tions based on stoichiometric data, but in the case of a mixture a second 
analysis is necessary to confirm the correctness of the results afforded by 
the first. 

The preceding remarks clearly show the immense importance of 
quantitative analysis. It may, indeed, be averred, that chemistry owes 
to this branch its elevation to the rank of a science, since quantitative 
researches have led us to discover and determine the laws which govern 
the combinations and transpositions of the elements. Stoichiometry is 
entirely based upon the results of quantitative investigations; all 
rational views respecting the constitution of compounds rest upon thtem 
as the only safe and solid basis. 

Quantitative analysis, therefore, forms the strongest and most 
powerful lever for chemistry as a science, and not less so for chemistry in 
its applications to the practical purposes of life, to trades, arts, manu- 
factures, and likewise in its application to other sciences. It teaches 
the mineralogist the true nature of minerals, and suggests to him 
principles and ruks for their recognition and classification. It is 
an indispensable auxiliary to the physiologist; and agriculture has 
already derived much benefit from it ; but far greater benefits may be 
predicted. We need not expatiate here upon the advantages which 
medicine, pharmacy, and every branch of industry derive, either 
directly or indirectly, from the practical application of its results, dn 
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the other hand, the benefit thus bestowed by quantitative analysis upon 
the various sciences, arts, &c., has been in a measure reciprocated by 
some of them. Thus whilst stoichiometry owes its establishment to 
quantitative analysis, the stoichiometric laws afford us the means of 
controlling the results of our analyses so accurately as to justify the 
reliance which we now generally place on them. Again, whilst quan- 
titative analysis has advanced the progress of arts anti industry, our 
manufacturers in return supply us with the most perfect platinum, 
glass, and porcelain vessels, and with articles of india-rubber, without 
which it would be next to impossible to conduct our analytical opera- 
tions with the minuteness and accuracy which we have now attained. 

Although the aid which quantitative analysis thus derives from 
stoichiometry, and the arts and manufactures, greatly facilitates its 
practice, and although many determinations are considerably abbre- 
viated by volumetric analysis, it must bo admitted, notwithstanding, 
that the pursuit of this branch of chemistry requires considerable ex- 
penditure of time. This remark applies especially to those who are 
commencing the study, for they must not allow their attention to be 
divided upon many things at one time, otherwise the accuracy of their 
results will be moro or less injured. I would therefore advise every 
one desirous of becoming an analytical chemist, to arm himself with a 
considerable share of patience, reminding him that it is not at one 
bound, but gradually, and step by step, that the student may hope to 
attain the necessary certainty in his work, the indispensable self- 
reliance which can alone be founded on one’s own results. However me- 
chanical, protracted, and tedious, the operations of quantitative analysis 
may appear to be, the attainment of accuracy will amply compensate 
for the time and labour bestowed upon them ; whilst, on the other 
hand, nothing can be more disagreeable than to find, after a long and 
laborious process, that our results are incorrect or uncertain. Let him, 
therefore, who would render the study of quantitative analysis agreeable 
to himself, from the very outset endeavour, by strict, nay, scrupulous 
adherence to the conditions laid down, to attain correct results, at .any 
sacrifice of time. I scarcely know a better and more immediate 
reward of labor than that which springs from the attainment of 
accurate results and perfectly corresponding analyses. The satisfac- 
: tion enjoyed at the success of our efforts is surely in itself a sufficient 
\ motive for the necessary expenditure of time and labor, even without 
;• looking to the practical benefits which we may derive from our 
| operations. 

The following are the substances treated of in this work : — 

I. Metalloids. 

Oxygen, Hydrogen, Sulphur, [Selenium,] Phosphorus, Chlorine, 
Jodine, Bromine, Fluorine, Nitrogen, Boron, Silicon, Carbon. 

II. Metals. 

Potassium, Sodium, [Lithium,] Barium, Strontium, Calcium, Magne- 
sium, Aluminium, Chromium, [Titanium,] Zinc, Manganese, Nickel, 
jpobalt, Iron, [Uranium, Thallium,] Silver, Mercury, Lead, Copper, 
jBismuth, Cadmium, [Palladium,] G-old, Platinum, Tin, Antimony, 
jkfsenic, [Molybdenum], 
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I have divided my subject into three parts. In the first, I treat of 
quantitative analysis generally: describing, ist, the execution of 
analysis ; and, 2nd, the calculation of the results obtained. In the 
second, I give a detailed description of several special analytical pro- 
cesses. And in the third, a number of carefully selected examples, 
which may serve as exercises for the groundwork of the study of 
quantitative analysis. 

The following table will afford the reader a clear and definite notion 
of the contents of the whole work : — 

I. GENERAL PART. 

A— Execution of Analysis. 

1. Operations. 

2. Reagents. 

3. Forms and combinations in which bodies are separated from 

others, or in which their weight is determined. 

4. Determination of bodies in simple compounds. 

5. Separation of bodies. 

6 . Organic elementary analysis. 

B— Calculation of the Results. 

II. SPECIAL PART. 

1. Analysis of waters, and more especially of mineral waters. 

2. Analysis of such minerals and technical products as are most 

frequently brought under the notice of the chemist ; including 
methods for ascertaining their commercial value. 

3. Analysis of the ashes of plants. 

4. Analysis of soils. 

5. Analysis of manures. 

6. Analysis of atmospheric air. 

III. EXERCISES FOR PRACTICE. 

APPENDIX. 

1. Test experiments. 

2. Tables for the calculation of analytical results. 
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DIVISION I. 

THE EXECUTION OF ANALYSIS. 


SECTION L 
OPERATIONS. 

§ 1 . 

Most of the operations performed in quantitative research are. the same 
as in qualitative analysis, and have been accordingly described in my 
work on that branch of analytical science. With respect to such opera- 
tions I shall, therefore, confine myself hero to pointing out any 
modifications they may require to adapt them for application in the 
quantitative branch; but I shall, of course, give a full description of 
such as are resorted to exclusively in quantitative investigations. 
Operations forming merely part of certain specific processes will bo 
found described in the proper place, under the head of such processes. 

§ 2 . 

I. Determination of Quantity. 

The quantity of solids is usually determined by weight ; the quan- 
tity of gases and fluids in many cases by measure ; upon the care and 
[accuracy with which these operations are performed, depends the value 
ioi all our results ; I shall therefore dwell minutely upon them. 


§ 3 . 

i. Weighing. 

To enable us to determine with precision the correct weight of a 
ubstance, it is indispensable that we should possess, ist, a good 
►alance, and 2nd, accurate weights. 

a. The Balance. 

Fig. 1 represents a form of balance well adapted for analytical pur- 
poses. Although the theory of the balance belongs to the province of 
Natural Philosophy, there are several points in connexion with it which 
very analyst should understand, so that he may be able to test the 
qptrument, and may avoid mistakes in his weighing. Experience has 
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shown me that many young chemists do not possess sufficiently clear 
views on the subject. 

The usefulness of the balanco depends upon two points; ist, it? 
accuracy, and 2nd, its sensibility or delicacy . 


§ 4 . 

The accuracy of a balance depends upon the following condi- 
tions : — 

a. The axis or the edge on which the beam rests must lie above the centre 
of gravity of the balance . 



This is in fact a condition essential to every balance. If the 
centre of gravity fell in the axis, the beam would not oscillate, but 
remain in any position in which it were placed, assuming the scales to 
be equally loaded. If the axis be placed below the centre of gravity, 
the balance will be overset by the slightest impulse. When the axis is 
above the centre of gravity the balance represents a pendulum, the 
length of which is equal to that of the line uniting the point of support 
with the centre of gravity, and this line forms right angles w;ith the 
beam in whatever position the latter may be placed. Now if we impart 
an impetus to a ball suspended by a thread, the ball, after having 
terminated its vibrations, will invariably rest in its original perpendicular 
position under the point of suspension. It is the same with a properly 
adjusted balance — impart an impetus to it, and it will oscillate for some 
time, but it will invariably return to its original position; in other 
words, its centre of gravity will finally fall back into its perpendicular 
position under the point of support, and the beam must consequently 
reassumo the horizontal position. 

But to judge correctly of the force with which this is accomplished, 
it must be borne in mind that a balance is not a simple pendulum, but 
a compound one, i.e., a pendulum in which not one, but many material 
points move round the turning point. The inert mass to be moved is 
accordingly equal to the sum of these points, and the moving force is 
equal to the excess of the material points below, over those above the 
axis. 
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0. The points of suspension of the scales must be in a plane with thi 
axis. If the axis be placed below the line joining the points of suspen- 
sion, increased loading of the scales will continually tend to raise the 
centre of gravity of the whole system, so as to bring it nearer and nearer 
the axis ; the weight which presses upon the scales combining in the 
relatively high-placed points of suspension. At last, when the scales 
have been loaded to a certain degree, the centre of gravity will shift 
altogether to the axis, and the balance will consequently cease to 
vibrate ; any further addition of weight will finally overset the beam 
by placing the centre of gravity above the axis. If, on the other hand, 
the axis be placed above the line joining the points of suspension, the 
centre of gravity will become more and more depressed in proportion 
as the loading of the scales is increased ; the line of the pendulum will 
consequently be lengthened, and a greater force will be required to 
produce an equal turn; in other words, the balance will grow less 
sensitive the greater the load. Bat when the three edges are in one 
plane, increased loading of the scales will, indeed, continually tend to 
raise the centre of gravity towards the axis, but they can in this case 
never actually join, and consequently the balance will never altogether 
cease to vibrate upon the further addition of weight, nor will its 
sensibility be lessened; on the contrary — speaking theoretically— a 
greater degree of sensibility is imparted to it. This increase of sensi- 
bility is, however, compensated by other circumstances. (See § 5.) 

y. The beam must be sufficiently rigid to bear without bending the 
greatest weight that the construction of the balance admits of; since the 
bending of the beam would of course depress the points of suspension 
below the axis, and this would, as we have just seen, tend to diminish 
the sensibility of the balance in proportion to the increase of the load. 
It is, therefore, necessary to avoid this fault by a proper construction of 
the beam. The form best adapted is that of an isosceles obtuse-angled 
triangle, or of a rhombus. 

h. The arms must be of equal length , i.e., the points of suspension of 
the scales must be equidistant from the axis , for if the arms are of un- 
equal length, tho balance will not be in equilibrium supposing the scales 
to be loaded with equal weights, but there will be preponderance on the 
side of the longer aim. 

§ 5 . 

The sensibility of a balance depends principally upon the three 
following conditions : — 

• a. The friction of the edges upon their supports must be as slight as 
possible. The friction of the edges upon their supports depends upon 
the form and material of those parts of the balance. The edges must 
be made of good steel, the supports may be made of the same material ; 
it is better, however, that the centre edge at least should rest upon agate 
planes. To form a clear conception of how necessary it is that even 
the end edges should have as little friction as possible, we need simply 
reflect upon what would happen were we to fix the scales immovably 
to the beams by means of rigid rods. Such a contrivance would at once 
altogether annihilate the sensibility of a balance, for if a weight were 
placed upon one scale, this certainly would have a tendency to sink ; 
but at the same time the connecting rods being compelled to form 
constantly a right angle with the beam, the weighted scale would 
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incline inwards, whilst the other scale would turn outwards, and thus 
the arms would become unequal, the shorter arm being on the side of 
the weighted scale, whereby the tendency of the latter to sink would 
be immediately compensated. The more considerable the friction 
becomes at the end edges of a balance, the more the latter approaches 
the state just now described, and consequently the more is its sensibility 
impaired. 

/9. The centre of gravity must he as near as possible to the axis . The 
nearer they are, the shorter becomes the pendulum. If we take two 
balls, the one suspended by a short and the other by a long thread, 
and impart the same impetus to both, the former will naturally swing 
at a far greater angle from the perpendicular than the latter. The 
same must of course happen with a balance; the same weight will 
cause the scale upon which it is placed to turn the moro rapidly and 
completely, the shorter the distance between the centre of gravity and 
the axis. Wo have seen above, that in a balance where the three 
edges are on a level with each other, increased loading of the scales 
will continually tend to raise the centre of gravity. A good balance 
will therefore become more delicate in proportion to the loading of the 
scales, but, on the other hand, its sensibility will be diminished in about 
the same proportion by the increment of the mass to be moved, and by 
the increased friction ; in other words, the delicacy of a good balance 
will remain the same whatever may be the load placed upon it. The 
nearer the centre of gravity lies to the axis, the slower are the oscilla- 
tions of the balance. Hence in regulating the position of the centre of 
gravity we must not go too far, for if it approaches the axis too nearly, 
the operation of weighing will take too much time. 

y. The beam must be as light as possible. The remarks which we have 
just now made will likewise show how far the weight of the beam may 
influence the sensibility of a balance. We have seen that if a balance 
is not actually to become less delicate on increased loading, it must in 
one respect have a tendency to become more delicate by the continual 
approach of the centre of gravity to the axis. Now it is evident, that 
the more considerable the weight of the beam is, the less will an equal 
load placed upon both scales alter the centre of gravity of the whole 
system, the more slowly will the centre of gravity approach the axis, 
the less will the increased friction be neutralized, and consequently tho 
less sensibility will the balance possess. Another point to be taken into 
account here is, that the moving forces being equal, a lesser mass or 
weight is more readily moved than a greater. (§40.) 

r 

§ 6 . 

We will now proceed, first, to give the student a few general rules to 
guide him in the purchase of a balance ; and, secondly,- to point out the 
best method of testing its accuracy and sensibility. 

1. A balance able to bear 70 or 80 grammes in each scale, suffices 
for most purposes. 

2. The balance must be enclosed in a glass case to protect it from 
dust. This case ought to be sufficiently large, and its sides should not 
approach too near the scales. It must be constructed in a manner to 
admit of its being opened and closed with facility, and thus to allow 
the operation of weighing to be effected without any disturbing in? 
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fluence from currents of air. Therefore, either the front part of the 
case should consist of three parts, viz., a fixed centre part and two 
lateral parts, opening like doors ; or, if the front part is made of one 
piece which slides up and down, the two sides of the case must each be 
provided with a door. 

3. The balance must be provided with a proper contrivance to 
render it immovable whilst the weights are being placed upon the scale. 
This is most commonly effected by an arrangement which enables the 
operator to lift up the beam and thus to remove the middle edge from its 
support, whilst the scales remain suspended ; older contrivances fix the 
scales, without raising the middle edge from its plate. It is very con- 
venient to have a stop for the scales as well as one for the beam. New 
balances are always so provided. The usual device for stopping the 
scales consists of two supports immediately below them, which slide up 
and down, and are furnished with crossed silk ribands or camel’s hair 
brushes. The supports must move with such perfect steadiness, that 
the scales do not shake in the least upon the removal of the supports 
from beneath them (provided, of course, the operation be effected with 
some degree of delicacy and caution). This arrangement, besides faci- 
litating the loading of the scales, affords this advantage — that it enables 
the operator to put an immediate stop to all trembling or shaking of 
the scales, and also the convenience that, in cases where one and the 
same body has to be weighed repeatedly, the weights may be left on 
the scale without risk to the balance. Single stops fixing both beam 
and scales by one and the same act (by a turn), appear to me less prac- 
tical, as the fixing of the scales upon every fresh addition of a small 
weight, whilst answering no rational purpose, impairs the rapidity of 
weighing. It is highly advisable to have the case of the balance so 
arranged that the contrivances for lifting the beam and fixing tho 
scales can be worked while the case remains closed, and consequently 
from without. 

4. It is necessary that the balance should be provided with an index 
or pointer to mark its oscillations on a graduated arc ; this index is more 
appropriately placed beneath the axis than at the side of the balance. 

5. The balance must be provided with a pendulum, or with a spirit 
level, to enable the operator to place the three edges on an exactly 
horizomtal level ; it is best also for this purpose that the case 
should rest upon three screws. 

6. It is very desirable that the beam should have a decimal O 
graduation so as to enable the operator to weigh the inilli- p*— 
gramme and its fractions with a centigramme “ rider” (Fig. 2). I 
Most modern balances are so constructed that the position of 

the rider on the beam may be shifted at pleasure, and without I . I 
opening the glass case, by means of a movable arm which Fig. 2. 
passes through the side of the case.* 

7. The balance must be provided with a screw to regulate the centre 
of gravity, and likewise with two screws to regulate the equality of the 
arms, and finally with screws to restore instantly the equilibrium of the 
scales, should this have been disturbed. 

* Hempel has a very complete arrangement for placing the small weights and 
shifting the rider, see Zeitsclir. f. anal. Cnem. 4, 83. I have, however, no personal 
experience of its working. 



14 


OPERATIONS. 


[§ 7 . 


§ 7 * 

The following experiments serve to test the accuracy and sensibility 
of a balance : — 

i. The balance is, in the first place, accurately adjusted, if neces- 
sary, either by the regulating screws, or by means of tinfoil, and a 
milligramme weight is then placed in one of the scales. A good and 
practically useful balance must turn very distinctly with this weight ; a 
delicate chemical balance should indicate the ^of a milligramme with 
perfect distinctness. It should be noted here, that the more pointing 
of the index to zero is not sufficient evidence of equilibrium. It is 
much better to observe the oscillations of the pointer, which if neces- 
sary can be brought about by a movement of the hand near one of the 
scales so as to cause a slight wind. The pointer should traverse very 
nearly the same space on each side of the zero, less and less with each 
oscillation, and finally come to rest at zero. 

2. Both scales are loaded with the maximum weight the construc- 
tion of the balance will admit of. The balance is then accurately 
adjusted, and a milligramme added to the weight in the one scale. This 
ought to cause the balance to turn to about the same extent as in i. 
In most balances, however, it show.*} somewhat less. It follows from 
§ 5/3 that the balance will oscillate more slowly in this than in the 
first experiment. 

3. The balance is accurately adjusted (should it be necessary to esta- 
blish a perfect equilibrium between the scales by loading the one with a 
minute portion of tinfoil, this tinfoil must bo left remaining upon the 
scale during the experiment) : both scales are then equally loaded, say 
with fifty grammes each, and, if necessary, the balance is again adjusted 
(by the addition of small weights). The load of the two scales is then 
interchanged, so as to transfer that of the light scale to the left, and 
vice versd. A balance with perfectly equal arms must maintain its abso- 
lute equilibrium. 

4. The balance is accurately adjusted ; it is then arrested and again 
set in motion ; the same process should be repeated several times. A 
good balance must invariably reassumo its original equilibrium. A 
balance the end edges of which afTord too much play to the hook rest- 
ing upon them, so as to allow the latter slightly to Alter its position, 
will show perceptible differences in different trials. This fault, however, 
is possible only with balances of defective construction.* 

A balance must stand the first, second, and last of these tests. A 
slight inequality of the arms is of no great consequence, as the error 
that it would occasion may be completely prevented by the manner of 
weighing. 

As the sensibility of a balance will speedily decrease if the steel edges 
are allowed to get rusty, delicate balances should never be kept in the 
laboratory, but always in a separate room. It is also advisable to place 
within the case a vessel half filled with calcined carbonate of potassa, 
to keep the air dry. I think I need hardly add that this salt must be 
recalcined as soon as it gets moist. 

* G. Westphal, mechanician of Celle, has described a mode of construction 
which excludes the possibility of this fault. (Zeitschr. f. anal. Chem. 7, 294.) r 
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§ 8 . 

b. The Weights. 

Intrinsically it is quite unimportant what unit of weight is adopted. 
However, most chemists use the gramme on account of its convenience 
lor entering in the book and calculating. With regard to the set of 
Weights, it is generally a matter of indifference for scientific purposes 
Whether the gramme, its multiples and fractions, are actually normal 
weights or not;* but it is absolutely necessary that they should agree 
perfectly among themselves i.e., the centigramme weight must be ex- 

actly the one hundredth part of the gramme weight of the set, &c. &c. 

Before I describe the testing of the weights, I must call attention to 
the following points : — 

1. A set of weights ranging from fifty grammes to one milligramme 

is fully sufficient for most purposes. . . 

2. The weights should be kept in a well-closing box ; and it is 
desirable likewise that a distinct compartment be appropriated to every 
one even of the smaller weights. 

3. As to the shape best adapted for weights, I think that of short 
frusta of cones inverted, with a handle at the top, the most convenient 
and practical form for the large weights. Square pieces of foil, turned 
up at one corner, are best adapted for the small weights : the foil used 
for this purpose should not be too 'thin, and the compartments should 
be large enough, or else the smaller weights will soon get crinkled and 
defaced. Each weight (with the exception of the milligrammes) should 
be distinctly marked. 

4. With respect to the material most suitable for the manufacture of 
weights, I think that, although rock crystal is admirably adapted for 
normal weights, it is unsuited for the ordinary weights, as their fornf 
would be inconvenient, and their price too high. Platinum weights 
would be sure to be universally adopted, were the metal not too 
expensive ; but as it is, we commonly rest satisfied with having the 
smaller weights only, from 1 or *5 gramme downwards, made of 
platinum foil, using brass weights for all the higher denominations. 
Brass weights must be carefully shielded from the contact of acid or 
other .vapors, or their correctness will be impaired ; nor should they 
ever be touched with the fingers, but always with small pincers. But 
it is an erroneous notion to suppose that weights slightly tarnished are 
unfit for use. It is, indeed, hardly possible to prevent weights for any 
length of time from getting slightly tarnished. I have carefully 
examined many weights of this description, and have found them to 
correspond with one another as exactly as atafirst. The tarnishing 
coat is so extremely thin, that even a very delicate balance will generally 
fail to point out any perceptible difference in the weight. . It will, 
however, be found very advantageous to gild the brass weights pre- 
viously to the final adjustment. 

The following is the only proper way of testing the weights , to see 
whether they agree among themselves : — 

* Still it would be desirable that the makers of analytical weights should 
endeavor to procure normal weights. It is very inconvenient, m many cases, to 
find notable differences between weights of the same denomination, but Qommg 
faoin different makers ; as I myself have often had occasion to discover. 
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One scale of a delicate balance is loaded with a one-gramme weight , 
and the balance is then completely equipoised with small pieces of 
brass, and finally tinfoil (not paper, since this absorbs moisture). The 
weight is then removed, and replaced successively by the other gramme 
weights, and afterwards by the same amount of weight in pieces of 
lower denominations. The balance is Carefully scrutinized each time, 
and any deviation from the exact equilibrium marked. In the same 
way it is seen whether the two-gramme piece weighs the same as two 
single grammes, the five-gramme piece the same as three single 
grammes and the two-gramme piece, &c. In the comparison of the 
smaller weights thus among themselves, they must not show the least 
difference on a balance turning with milligramme. In comparing 
the larger weights with all the small ones, differences of T \j- to mil- 
ligramme may be passed over. If you wish them to be more accurate, 
you must adjust them yourself. Experience has taught me that it is 
invariably the safest way to test every weight one purchases, no matter 
how high the reputation of the maker may stand. In the purchase of 
weights chemists ought always to bear in mind that an accurate weight 
is truly valuable, whilst an inaccurate one is absolutely worthless.* 

§ 9 - 

c . The Process of Weighing. 

We have two different methods of determining the weight of sub- 
stances ; the one might be termed direct weighing , the other is called 
weighing by substitution . 

In direct weighing the substance is placed upon one scale, and the 
weight upon the other. If the arms of the balance are of equal length, 
and the scales in a perfect state of equilibrium, it is indifferent upon 
which scale the substance is placed in the several weighings required 
during an analytical process ; i.e., we may weigh upon the right or 
upon the left side, and change sides at pleasure without endangering 
the accuracy of our results. But if, on the contrary, the arms of our 
balance are not perfectly equal, or if the scales are not in perfect 
equilibrium, we are compelled to weigh invariably upon the same 
scale, .otherwise the correctness of our results will be more^or less 
impaired. 

Suppose we want to weigh one gramme of a substance, and to 
divide this amount subsequently into two equal parts. Let us assume 
our balance to be in a state of perfect equilibrium, but with unequal 
arms, the left being 99 millimetres, the light 100 millimetres long; we 
place a gramme weight upon the left scale, and against this, on the 
right scale, as much of the substance to be weighed as will restore the 
equilibrium of the balance. 

According to the axiom, “ masses are in equilibrium upon a lever, 
if the products of their weights into their distances from the fulcrum 
are equal,” we have consequently upon the right scale *99 grm. of 
substance, since 99 x 1 = 100 x *99. If we now, for the purpose of 
weighing one-half the quantity, remove the gramme weight from the 
left scale, substituting a '5 grm, weight for it, and then take off part of 

* Compare Cbooxes (Chem. News, 15, 191) andK. L. Baueb (Zeitschr. f. anal- 
Chem. 8, 390). ' 
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'the substance from the right scale, until the balance recovers its equi- 
librium, there will remain *495 grm. ; and this is exactly the amount 
we have removed from the scale ; we have consequently accomplished 
our object with respect to the relative weight ; and, as we have already 
remarked, the absolute weight is not generally of so much importance 
in scientific work. But if we attempted to halve the substance which 
we have on the right scale, by first removing both the weight and the 
substance from the scales, and placing subsequently a *5 grm. weight 
upon the right scale, and part of the substance upon the left, until the 
balance recovers its equilibrium, wo should have *505 of substance 
upon the left scale, since 100 x *5 = 99 x ’505 ; and consequently instead 
of exact halves, we should have one part of tl^ substance amounting 
to *505, the other only to '485. 

If the arms of a balance are oqual, but the scales are not in a state 
of equilibrium, we aro obliged to weigh our substances in vessels 
(see § 10, 6), to ensure accurate results. It is self evident that the 
weights in this case must likewise be invariably placed upon one and 
the same scale, and that the difference between the two scales must not 
vary during the course of a series of experiments. 

From these remarks result the two following rules : — 

1. It is, under all circumstances, advisable to place the substance in- 
variably upon one and the same scale— most conveniently upon the left. 

2. If the operator possesses a balance for his own private and 
exclusive use, there is no need that he should adjust it at eveiy weigh- 
ing ; but if the balance be used in common by soveral persons, it is 
absolutely necessary to ascertain each time whether its state of equi- 
librium may not have been disturbed. 

Weighing by substitution yields not only relatively, but also absolutely 
accurate results ; no matter whether the arms of the balance be of exactly 
equal lengths or not, or whether the scales be in perfect equipoise or 
not. 

* The process is conducted as follows : the material to be weighed — 
say a platinum crucible — is placed upon one scale, and the other scale 
$k accurately counterpoised against it. The platinum crucible is then 
Removed, and weights substituted for it till equilibrium is restored. It 
ll obvious that the substituted weights will invariably express the real 
freight of the crucible with absolute accuracy. We weigh by substitu- 
tion whenever wo require the greatest possible accuracy; as, for 
Instance, in the determination of atomic weights. The process may be 
materially shortened by first placing a tare (which must of course be 
Heavier than the substance to be weighed) upon one scale, say the left, 
Ind loading the other scale with weights until equilibrium is produced. 
Shis tare is always retained on the left scale. The weights after being 
feted are removed. The substance is placed on the right scale 
fggether with the smaller weights requisite to restore the equilibrium 
tit the balance. The sum of the weights added is then subtracted from 
be noted weights of the counterpoise: the remainder will at once 
indicate the absolute weight of the substance. Let us suppose, for 
Instance, we have on the left scale a tare requiring a weight of fifty 
Ifframmes to counterpoise it. We place a platinum crucible on the right 
|0ale, and find that it requires an addition of weight to the extent of 
jo grammes to counterpoise the tare on the left. Accordingly, the 
pucible weighs 50 minus 10 = 40 grammes. 

QUANT. VOL. I. 0 
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§ io. 

The following rules will bo found useful in performing the process of 
weighing : — 

1. The balance is to be kept in a dry room, protected from acid 
fumes, &c., and if possible not exposed to the sun ; it must stand firmly 
and in a level position. It should not be near a fireplace or stove, other- 
wise it may be unequally wanned. 

2. In ascertaining the weight of a substance, it saves time to try the 
weights in a strictly systematic way. Suppose, for instance, we want 
the weight of a crucible, which subsequently turns out to be 6*627 
grammes : well, we place 10 grammes on the other scale, and we find 
this is too much ; we place the weight next in succession, i.e., 5 grammes, 
and find this too little ; next 7, too much ; 6, too little ; 6*5, too little ; 
6*7, too much; 6*6, too little; 6*65, too much; 6*62, too little; 6*63, 
too much; 6*625, too little; 6*627, right. I have selected here, for 
the sake of illustration, a most complicated case ; but I can assure the 
student that this systematic way of laying on the weights will in most 
instances lead to the desired end, in half the time required when 
weights are tried at random. After a little practice a few minutes will 
suffice to ascertain the weight of a substance to milligramme, pro- 
vided the balance does not oscillate too slowly. 

3. The milligrammes and fractions of milligrammes are determined 
by a centigramme rider (to be placed on or between the divisions on the 
beam) far more conveniently than by the uso of the weights themselves, 
and at the same time with equal accuracy. (Comp. § 6, 6.) 

4. Particular care and attention should be bestowed on entering the 
weights in the book. Tho best way is to write down the weights first 
by inference from the blanks, or gaps in tho box, and to control tho 
entry subsequently by removing the weights from the scale, and re- 
placing them in their respective compartments in the box. The student 
should from tho commencement make it a rule to enter the number to 
be deducted in the lower line ; thus, in the upper lino, the weight of 
the crucible + the substance ; in the lower lino, the weight of the 
crucible. 

5. The balance ought to be arrested every time any change is con- 
templated, such as removing weights, substituting one weight for 
another, tire., or it will soon get spoiled. 

6. Substances (except, perhaps, pieces of metal, or some other bodies 
of the kind) must never be placed directly upon the scale, but ought to 
be weighed in appropriate vessels of platinum, silver, glass, porcelain, 
&c., never on paper or card, since these, being liable to attract moisture, 
are apt to alter in weight. The most common method of weighing off 
a substance is to weigh in the first instance the vessel by itself, and to 
introduce subsequently the substance into it, to weigh again, and 
subtract the former weight from the latter. In many instances, and 
more especially where several portions of the same substance are to be 
weighed, the united weight of the vessel and of its contents is first 
ascertained ; a portion of the contents is then shaken out, and the 
vessel weighed again ; the loss of weight expresses the amount of the 
portion taken out of the vessel. 

7. Substances liable to attract moisture from the air, must be 
weighed invariably in closed vessels (in covered crucibles, for instance, 
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or between two watch-glasses, or in a closed glass tube) ; fluids are to 
be weighed in small bottles closed with glass stopper’s. 

8. A vessel ought never to bo weighed whilst warm, since it will in 
that case invariably weigh lighter than it really is. This is owing to 
two circumstances. In the first place, every body condenses upon its 
surface a certain amount of air and moisture, the quantity of which 
depends upon the temperature and hygroscopic state of the air, and 
likewise on its own temperature. Now suppose a crucible has been 
weighed cold at tho commencement of the operation, and is subse- 
quently weighed again whilst hot, together with the substance it 
contains, and the weight of which we wish to determine. If we 
subtract for this purpose the weight of the cold .crucible, ascertained in 
the former instance, from the weight found in the latter, we shall 
subtract too much, and consequently we shall set down less than the 
real weight for the substance. In the second place, bodies at a high 
temperature are constantly communicating heat to the air immediately 
around them the heated air expands and ascends, and the denser and 
colder air, flowing towards the space which the former leaves, produces 
a current which tends to raise the scale, making it thus appeal’ lighter 
than it really is. 

9. If we suspend from the end edges of a correct balance respec- 
tively 10 grammes of platinum and 10 grammes of glass, by wires of 
equal weight, the balance will assume a shite of equilibrium ; but if we 
subsequently immerse the platinum and glass completely in water this 
equilibrium will at once cease, owing to the different volume of the two 
substances ; since, as is well known, substances immersed in water lose 
of their weight a quantity equal to the weight of their own bulk of 
water. If this be borne in mind, it must be obvious to evory one that 
weighing in the air is likewise defective, inasmuch as the bulk of the 
substance weighed is not the same with that of the weight. This 
defect, however, is so very insignificant, owing to the trifling specific 
gravity of the air in proportion to that of solid substances, that we 
may generally disregard it altogether in analytical experiments. In 
cases, however, where absolutely accurate results are required, the bulk 
^both of the substance examined, and of the weight, must be taken into 
^account, and the weight of the corresponding volume of air added 
^respectively to that of the substance and of the weight, making thus 
|bhe process equivalent to weighing in vacuo. 


§ n. 

2. Measuring. 

The process of measuring is confined in analytical researches mostly 
|o gases and fluids. The method of measuring gases has been brought 
to such perfection by Bunsen, by Regnault and Reiset, by Frank- 
Jand and Ward, by Williamson and Russell, and by others, that 
ft may be said to equal in accuracy the method of weighing. However, 
|uch accurate measurements demand an expenditure of time and care, 
ferhich can be bestowed only on the nicest and most delicate scientific 
havestigations.* 

. * A detailed description of Bunsen’s method is to be found in HandwOrterbucb 
ter Chemie, by Liebig, Poggendorff and Wohler, 2, 1053 (art. Eudiometer, by 
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The measuring of fluids in analytical work was resorted to first by 
Decroizilles ( Alkalimeter , 1806). Gay-Lussac materially improved 
the process, and indeed brought it to the highest degree of perfection 
(in measuring the solution of chloride of sodium in the wet assay of 
silver). More recently Mohr* has bestowed much care and ingenuity 
upon the production of appropriate and convenient measuring appa- 
ratus, and has added to our store the eminently practical burette which 
is known by his name. Still, however much the method of measur- 
ing fluids has been perfected, it can never be expected to attain the 
accuracy of weighing. But, as the inaccuracies inherent in the method 
may, in most cases, be reduced to the most harmless proportions by 
appropriate dilution of the fluid to be measured, the process is now 
resorted to even in most accurate scientific investigations; since it 
requires much less time than the process of weighing. 

The accuracy of all measurings depends upon the measuring vessels, 
and also upon the way in which the process is conducted. 


§ 12. 

a . The Measuring of Gases. 

We use for the measuring of gases graduated tubes of greater or 
less capacity, made of strong glass, and sealed off round at one end. 
The following tubes will be found sufficient for all the processes of gas 
measuring required in organic elementary analyses, and in the analysis 
of atmospheric air. 

1. A bell-glass capable of holding from 150 to 250 c.c., and about 
4 cm. in diameter ; divided into c.c. 

2. Five or six glass tubes, 12 to 15 mm. bore, and capable of holding 
from 30 to 40 c.c. each, divided into •£• c.c. 

The sides of these tubes should be pretty thick, otherwise they will 
be liable to break, especially when used to measure over mercury. The 
sides of the bell-glass should be about 3, of the tubes about 2 mm. 
thick. 

The most important point, however, in connection with measuring 
instruments is that they be correctly graduated, since upon this of 
course depends the accuracy of the results. For the method of gra- 
duating I refer to Berzelius’s Lelirbuch der Chemie, 4 Aufl. Bd. 10, 
article Memen ; also to Greville Williams’s Chemical Manipulation. 

In testing the measuring tubes we have to consider three things. 

Kolbe), and 1, 2 ed., 930 (art. Analyse, volumetrische, fiir Gase, by Kolbe and 
Frankland). I would also refer the student of this branch to the very valuable 
monograph by Bunsen (Gasometry, translated by Roscoe, London, 1857). The 
methods of measuring gas employed by Regnault and Reiset, and also by 
Frankland and Ward, differ from the ordinary method improved by Bunsen 
in the following essential particular: in the former case the measuring tubes stand 
in cylinders filled with water, by which means the temperature of the gas is in a few 
minutes brought to that of the water, and the time required for a gas analysis conse- 
quently much shortened. With Frankland and Ward’s apparatus the measuring 
of the gas is also independent of the pressure of the atmosphere. Both methods, as a 
matter of course, require complicated and costly apparatus. These are figured and 
described minutely iu the above-mentioned article by Frankland in tne Hand- 
worterbuch. For Williamson’s and Russell’s apparatus see Jour. Chem. Soc. 
17, 238; and for Russell’s modification, lb. (2), 6, 128. 

* Lehrbuch der Titrirmethode, by Dr. F. Mohr. 
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1. Do the divisions of a tube correspond with each other? 

2. Do the divisions of each tube correspond with those of the other 
tubes ? 

3. Do the volumes expressed by the graduation lines correspond 
with the weights used by the analyst ? 

These three questions are answered by the following experiments : — 

a. The tube which it is intended to examine is placed in a perpen- 
dicular position, and filled gradually with accurately measured small 
quantities of mercury, care being taken to ascertain with the utmost 
precision whether the graduation of the tube is proportionate to the 
equal volumes of mercury poured in. For the method of reading off 
the degrees, see below. The measuring off of the mercury is effected by 
means of a small glass tube, sealed at one end, and ground perfectly 
even and smooth at the other. This tube is filled to overflowing by 
immersion under mercury, care being taken to allow no air bubbles to 
remain in it ; the excess of mercury is then removed by pressing a 
small glass plate down on the smooth edge of the tube.* 

5 . Different quantities of mercury are successively measured off in 
one of the smaller tubes, and then transferred to the other tubes. The 
same volume of mercury should fill each tube up to the same degree. 

Such tubes as are intended simply to determine the relative volume 
of different gases, need only pass these two experiments ; but in cases 
where we want to calculate the weight of a gas from its volume, it is 
necessary also to obtain an answer to the third question. For this 
purpose — 

c. One of the tubes is accurately weighed and then filled with dis- 
tilled water at i7°*5 to the last mark of the Scale ; the weight of the 
water is then accurately determined. If the tubo agrees with the 
weights, every 100 c.c. of water at 1 7°*5 must weigh 9978 grm.t But 
should it not agree, no matter whether the error lie in the graduation 
of the tube or in the adjustment of the weights, we must apply a cor- 
rection to the volume observed before calculating the weight of a gas 
therefrom. Let us suppose, for instance, that we find 100 c.c. to weigh 
100 grm. : assuming our weights to be correct, the c.c. of our scale are 
accordingly too large; and to convert 100 of these c.c. into normal c.c. 
we say : — 

9978 : 100 : : 100: x. 

In gas analysis proper by Bunsen’s methods (which are the 
simplest and most accurate) a suitable eudiometer is indispensable. 
Bunsen’s eudiometer (fig. 3) is a glass tube from 500 to 600 mm. 
long, having a bore of 20 mm., as far as practicable uniform through- 
out, the glass not above 2 mm. thick. At the upper sealed end two 
pieces of fine platinum wire are melted into the glass in opposite 
points ; the inner ends of these wires are clinched down close to the side 
of the glass, approaching each other at the apex of the eudiometer to 
between 1 and 2 mm. 

The tube is graduated into millimetre divisions by means of a veiy 
ingeniously constructed divider. The volumes corresponding to the 

* As warming the metal is to be carefully avoided in this process, it is advisable 
not to hold the tube with the hand in immersing it in the mercury, but with a 
small wooden holder. 

+ A gramme is the weight of a c.c. of water in vacuo at 4 0 . 
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several divisional lines are subsequently determined by measuring into 
the tube equal volumes of mercury and noted down in a table. This 
mode of dividing and adjusting measuring tubes is unques- 
tionably the most accurate. 

Besides this large eudiometer another shorter measuring 
tube (fig. 4) is required, also graduated into millimetre divi- 
sions ; it is slightly curved at the lower end. Its length is 
250 mm., its bore 20 mm., the thickness of the glass 2 mm. 

Bunsen’s method of gas analysis requires a laboratory 
with a northern aspect, of uniform temperature, and takes 
up much time in consequence of the slow cooling of the 
gases. In order to adapt it to the use of those who do not 
possess a suitable laboratory, and to shorten the process, 
0. Kersten* recommends that the eudiometer should be 
provided with a screw stopper like Bunsen’s absorption tube, 
and that the volume should be read off after the immersion 
of the eudiometer in water. The same result is attained 
otherwise in J. P. Cooke’s eudiometer. f 

In the measuring of gases we must have regard, to the follow- 
ing points : — 

1. Correct reading off. 2. The temperature of 
the gas. 3. The degree of pressure operating upon 
it. And 4. The circumstance whether it is dry or 
moist. The three latter points will be readily un- 
derstood, if it be borne in mind that any alteration 
in the temperature of a gas, or in the pressure 
acting upon it, or in the tension of the admixed 
aqueous vapor, involves likewise a considerable 
alteration in its volume. 


I 3- 


1. Correct reading off. This is rather difficult, 
since mercury in a tube has a convex surface' (espe- 
cially observable with a narrow tube), owing to its 
own cohesion; whilst water, on the othpr hand, 
under the same circumstances has a concave surface, 
owing to the attraction which the walls of the tube exercise upon it. 
The tube should invariably be placed in a perpendicular position, and 
the eye of the operator brought to a level with the surface of the 
fluid. The first is attained by the help of two plummets suspended at 
a short distance from the tube, and at a proper distance from each 
other, or by the aid of any perpendicular door or window edges that 
happen to be conveniently situated. The latter is effected by pressing 
a small mirror firmly against the tube, on the opposite side, and fixing 
the centre of the eye on the mirror right across the surface of the fluid. 
When the eye is thus placed in the right position, the mirror is removed 
and the height of the fluid read off. 

Bonsen generally adopts a different method from this last, using a 
telescope placed horizontally at a distance of from four to six paces 
from the eudiometer, and movable in a vertical direction. This arrange- 


p ig- 3- 


* Zeifcschr. f. anal. Chcm. 1, 281. 


t lh 7, 86. 
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ment, besides greatly facilitating the reading off, affords, also, in the 
measuring of gases, this additional great advantage, that, as the observer 
is placed at a greater distance from the measuring tube, expansion of 
the gas from his close vicinity to the tube need not be apprehended as 
in reading off with the aid of the mirror. 

In reading off over water, we take the middle of the dark zone formed 
by the liquid that is drawn up around the inner walls of the tube ; in 
reading off over mercury, we take the middle between the highest 
point of tho surface of the mercury, and the points at which the latter 
is in actual contact with the walls of the tube. However, the results 
obtained in this way are only approximate. 

Absolutely accurate results cannot be arrived at, in measuring over 
water or any other fluid that adheres to glass. But over mercury 
they may bo arrived at if the error of the meniscus be determined and 
the mercury bo read off at the highest point. The determination of the 
error of the meniscus is performed for each tube, once for all, in the 
following manner: some mercury is poured into the tube, and its 
height read off on a level with the top of the convex surface ; a few 
drops of solution of chloride of mercury are then poured on the top of 
tho metal ; this causes the convexity to disappear ; the height of the 
mercury in the tube is now read off again and the difference noted. In 
the process of calibrating, the tube stands upright, in that of measuring 
gases, it is placed upside down; the difference observed must ac- 
cordingly be doubled, and tho sum added to each volume of gas 
read off. 

The mercury intended to serve in the measuring of gases should be 
pure ; it must, more particularly, be as free as possible from lead and 



Fig. 5. 

tin, which impart to it the property of adhering to glass. Should they 
bo present, they may be removed by keeping the mercury in contact for 
a day with dilute nitric acid in a shallow basin, taking care to stir 
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frequently. From dust, &c., mercury may be freed by filtration 
through a cloth. 

Bunsen’s pneumatic trough (fig. 5) will be found convenient. A 
is a piece of pear- wood 310 — 350 mm. long, 80 — 86 mm. broad; the 
chiselled cavity of the same is 240 — 250 mm. long, 50 mm. broad and 
50 mm. deep. The bottom of the cavity is round, except at one end, 
where there is a flat surface 32 mm. broad and 50 mm. long. On this 
a plate of vulcanized caoutchouc 3 mm. thick is cemented. To A the 
two end pieces BB are closely joined; they are 19 mm. thick, 
100 — no mm. broad, and 150 — 155 mm. high; they form supports 
for Ay and also serve as ends to a further trough, whose sides GC 
consist of strong glass, and fit in grooves in A and BB. These plates 
of glass are 310 — 320 mm. long and 55 mm. high. They are not 
quite parallel; the lower edges being 67 — 70 mm. distant from one 
another, the upper 85 mm. The trough stands on the board D 2 ), to 
which it is fastened by the strips of wood ee. A vertical pillar, F, 
screwed into Z>, carries the inclined channel G, which is lined with 
felt, and serves to support the measuring tubes during the passing of 
gases, &c. ; h is a round, slanting cut in A, serving 
to receive the tube ; i is an incision in which the 
lower end of tho measuring tube rests, so that it 
cannot fall into the lower part of the trough. 
For use the trough is filled up to an inch of the 
top of the glass plates, with mercury; 30 — 35 lb. 
are necessary. The wooden part of the inside of 
the trough is rubbed, first moist and then dry, 
with mercury and solution of chloride of mer- 
cury, in order that the metal may adhere to it. 
To transfer gases which have been collected in 
large bottles, a similar but larger trough is em- 
ployed. 

Last, to determine accurately the volume of a 
gas collected over mercury, it is, before all things, 
necessary that the tube be first filled completely 
with mercury, to the exclusion of all air bubbles, 
previous to the introduction of the gas. To this 
end, the tube, having been rinsed with water, is 
cleaned and dried with filter paper, with the help 
of a wooden rod (fig. 6), whose upper end is pro- 
vided with 10 to 20 little spikes. No filaments 
must be left behind. The filling with mercury is 
effected with the aid of the funnel, fig. 7. This 
should be kept filled with the metal, and its tube, 
*wifich is provided with a narrow exit, should reach 
Mo the bottom of the tube to be filled. The metal 
thus flowing in from below presents a mirror-like 
surface on the sides of the glass. If the operator 
has not such a funnel at his disposal, he may fuse 
a small funnel to a glass tube drawn out at the 
Fig. 7. lower end. 



Fig. 6. 
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2. Influence of temperature . — There are two ways of determining the 
temperature of a gas when measuring it. i. The temperature of the 
gas is made to agree with that of the confining fluid, or, in the case of 
a closed eudiometer, with that of the water in the cylinder provided for 
the purpose, and then the temperature of the fluid is observed. Or 2. 
A delicate thermometer is suspended by the side of the gas, and its 
indication is noted. 

If the construction of the apparatus permits the total immersion of 
the tube in a fluid, uniformity of temperature between the latter and 
the gas is most readily and speedily obtained ; but if this is not the 
case, the operator must after every manipulation wait half an hour, or 
occasionally a whole hour, before he reads oft' the mercury in the 
measuring tube and the thermometer. 

Proper care must also be taken, after the temperature of the gas has 
been duly adjusted, to prevent re-expansion during the reading off ; 
all injurious influences in this respect must accordingly be carefully 
guarded against, and the operator should, more especially, avoid laying 
hold of the tube with his hand (in pressing it down, for instance, into 
the confining fluid) ; making use, instead, of a wooden holder. 

4 s, on account of the necessity of bringing tho gas and the sur- 
rounding air to the same degree of heat, every sudden change of 
temperature is prejudicial, it is always advisable to select for the per- 
formance of gas analyses a sheltered room with northern aspect. 

§ T 5- 

3. Influence of pressure . — If a gas is confined by a fluid, and the 
level of the latter is the same inside the tube as outside, then the gas 
is under the actual pressure of the atmosphere ; which may be found 
at once by inspecting the barometer. But if the confining fluid stands 
higher inside the tube than out- 
side, the gas is under less pres- 
sure, — if lower, it is under greater 
pressure than that of the atmo- 
sphere.* In the latter case, the 
level may always be equalized by 
raising the tube ; in the former 
case it may be equalized by de- 
pressing the tube, provided the 
trough is deep enough. When 
operating over water, the level 
may in most cases be readily ad- 
justed ; when operating over mer- 
cury, this is often impossible, 
more especially with wide tubes. 

In the case illustrated in 
fig. 8, we have the gas under the 
pressure of the atmosphere , minus 
the pressure of a column of mer- 
cury equal in height to the line a b. The pressure may be determined, 
therefore, by measuring the length of a b f and subtracting it from the 



Fig. 8. 
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observed height of the barometer. Suppose, for instance, the barometer 
stands at 758 mm,, and the length of a b is = 100 mm., the actual pres- 
sure upon the gas will be 758 - 100 = 658 mm. mercury. 

If we have water, or some other fluid (solution of potassa, for in- 
stance), over the mercury, we proceed generally as if this were not the 
case ; i.e., we either place the mercury on a level inside and outside the 
cylinder, or measure the difference between the two surfaces of 
mercury. The pressure of the column of water <kc., floating over the 
mercury, is mostly so trifling that it may safely be disregarded. The 
more correct way, of course, would be to measure the height of the 
column of water, &c., to reduce this to mercury, and to subtract the 
result from the actual height of the barometer. But this correction may 
usually be omitted, since, jus has already* been stated, absolutely correct 
measuring is impossible under such circumstances. 


§ 16. 

4. Influence of moisture . — In measuring gases saturated with aqueous 
vapor, it must be taken into account that tho vapor, by virtue of its 
tension, exerts a pressure upon the confining fluid. The necessary 
correction is simple, since we know the tension of aqueous vapor for 
the various degrees of temperature. But before this correction can be 
applied, it is, of course, necessary that the gas should be actually satu- 
rated with the vapor. It is, therefore, indispensable in measuring 
gases to have the gas saturated with aqueous vapor, or else absolutely 
dry. 

The drying of gases confined over mercury is effected by means of a 
ball of fused chloride of calcium, stuck on a platinum wire; this is 
prepared by inserting the wire, bent at the lower end in form of a hook, 
into a pistol-bullet mould of about 6 mm. inner diameter, and then fill- 
ing the hollow with chloride of calcium heated just to the fusing point 
(free from caustic lime). The neck sticking to the ball is, after cooling, 
removed with a knife. When it is intended to dry a gas, this ball is, 
with the aid of the wire, pushed through the mercury into the gas ; 
after having been left there for an hour or so, the ball is withdrawn, 
the gas being now perfectly dry. Whilst the ball remains in contact 
with the. gas, the end of the wire must be kept below the surface of 
the mercury in tho trough, since otherwise we should inevitably have 
diffusion of the confined gas and the outer air. 

Where it can be done, it is more convenient to measure gases in the 
moist condition. Bunsen effects their saturation with moisture by in- 
troducing a glass rod with a drop of water the size of a lentil adhering 
to it, into the empty njiiBitsuring tube and casting the water off in the 
top, without wetting any other portion of the tube. The quantity of 
water thus introduced is more than sufficient, at the common tempera- 
ture, to saturate with aqueous vapor the gas subsequently passed into 
the tube. 


It is quite obvious from the preceding remarks, that volumes of 
gases can be compared only if measured at tho same temperature, 
under the same pressure, and in the same hygroscopic state. They are 
generally reduced to o°, *76 meter barometer, and absolute dryness. 
How this is effected, as well as the manner in which we deduce the 
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weight of gases from their volume, will be found under the Calculation 
of Analyses. 

§ 

b . The Measuring of Fluids. 

In consequence of the vast development which volumetric analysis 
has of late acquired, the measuring of fluids has become an operation 
of very frequent occurrence. According to the different objects in 
view, various kinds of measuring vessels are employed. The number 
of those that have been proposed has indeed now increased to such an 
extent, that I must forbear discussing all the forms and arrangements 
recommended, and simply confine myself to the description of such 
measuring apparatus as 1 have found the most practical and convenient 
in my own laboratory. 

Before entering into details, I have to observe that the operator 
must, in the case of every measuring vessel, carefully distinguish 
whether it is graduated for holding or for delivering. If you have made 
use of a vessel of the former description in measuring off ioo c.c. of a 
fluid, and wish to transfer tho fluid completely to another vessel, you 
must, after emptying your measuring vessel, rinse it, and add the rins- 
ings to the fluid transferred; whereas, if you have made use of a 
measuring vessel of the latter description, there must be no rinsing. 

a. Measuring vessels graduated for holding. 

aa. Measuring vessels which serve to measure out one definite quantity 
of fluid. 

We use for this purpose — 

§ iB. 

x. Measuring Flashs. 

Fig. 9 represents a measuring flask of the most practical and conve- 
nient form. 

Measuring flasks of various sizes are sold, holding 
respectively, 200, 250, 500, 1,000, 2,000, &c.,c.c. As 
a general rule, they have no ground-glass stoppers ; 
is is, however, very desirable, in certain cases, to 
have measuring flasks with ground stoppers. The 
flasks must be well annealed and of uniform thick- 
ness, so that fluids may be heated in them. The line- 
mark should be placed in the lower third, or at least 
the lower half, of the neck. 

Measuring flasks should alway she carefully tested. 

The best and simplest way of effecting this is to pro- 
ceed thus : — Put the flask, perfectly dry inside and 
outside, on the one scale of a sufficiently delicate 
balance, together with a weight of 1,000 grm. in the 
case of a litre flask, 500 grm. in the case of a half- 
litre flask, &c,, restore the equilibrium by placing Fig. 9, 

the requisite quantity of shot and tinfoil on the other 
scale, then remove the flask and the weight from the balance, put the 
flask on a perfectly level surface, and pour in distilled water of 17 0 
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until the lower border of the dark zone formed by the top of the water 
around the inner walls corresponds with the line-mark. After having 
thoroughly dried the neck of the flask above the mark, replace it upon 
the scale : if this restores the perfect equilibrium of the balance, the 
water in the flask weighs, in the case of a litre measure, exactly 
1,000 grm. If the scale bearing the flask sinks, the water in it weighs 
as much above t,ooo grm. as the additional weights amount to winch 
you have to put in the other scale to restore the equilibrium ; if it rises, 
on the other hand, the water weighs as much less as the weights 
amount to which you have to put in the scale with the flask to effect 
the same end. 

If the water in the litre measure weighs 1,000 grm., in the half- 
litre measure, 500 grm., &c., the measuring flasks are correct. Dif- 
ferences up to *i grm. in the litre measure, up to *07 grm. in the half- 
litre measure, and up to -05 grm. in the quarter-litre measure, are not 
taken into account, as one and the same measuring flask will be found 
to offer variation to the extent indicated, in repeated consecutive 
weighings, though filled each time exactly up to the mark with water 
of the same temperature. 

Though a flask should turn out not to hold the exact quantity of 
water which it is stated to contain, it may yet possibly agree with the 
other measuring vessels, and may accordingly still be perfectly fit for 
use for most purposes. Two measuring vessels agree among themselves 
if the marked numbers of c.c. bear the same proportion to each other 
as the weights found ; thus, for instance, supposing your litre measure 
to hold 998 grm. water of i7°'5 and your 50 c.c. pipette to deliver 
49*9 grm. water of the same temperature, the two measures agree, 
since 

1,000 : 50 = 998 : 49*9. 

To prepare or correct a measuring flask, tare the dry flask, and then 
weigh info it, by substitution (§ 9) 1,000 grm., or, as the case may be, 
the half or quarter of that quantity of distilled water of I7°*5. Put the 
flask on a perfectly horizontal support, place your eye on an exact level 
with the surface of the water, and mark the lower border of the dark 
zone by two little dots made on the glass with a point dipped into pitch 
varnish, or some other substance of the kind. Now pour out the water, 
place the flask in a convenient position, and cut with a diamond a fine 
distinct lino from one dot to the other. 

Measuring flasks are occasionally also graduated for delivering; 
these, however, can properly be used only in less accurate measurings, 
since the amount of water remaining in the flask varies not incon- 
siderably. If you wish to graduate a flask for delivering, or to test 
one so graduated, pour water into it, empty it again, let it drain for a 
minute, and then weigh into it the exact weight of distilled water 
of i7°*5 corresponding to the number of c.c. 

As in the above method of testing, the weighings are not conducted 
at 4 0 , nor reduced to vacuum, the measuring vessels will not exactly 
conform to the standard. But if this system is adhered to for all 
vessels used in measuring fluids, in accordance with F. Mohr’s original 
proposal, they will correspond perfectly among themselves, which is 
all that is required in volumetric analysis. In the exceptional case of 
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a measuring vessel thus graduated being used in gas analysis, the c.c. 
may be corrected by multiplying by 1*0022 (F. Moira).* 

bb. Measuring vessels which serve to measure out any quantities of fluid 
at will. 

§ 19 - 

2. The Graduated Cylinder . 

This instrument, represented in fig. 
io, should be from 2 to 3 cm. wide, of a 
capacity of 100 — 300 c.c., and divided 
into single c.c. It must be ground at 
the top, that it may be closely covered 
with a ground-glass plate. The measur- 
ing with such cylinders is not quite so 
accurate as with measuring flasks, as in 
the latter the volume is read off in a nar- 
rower part. The accuracy of measuring 
cylinders may be tested in the same way 
as in the case of measuring flasks — viz., 
by weighing into them water of 1 7°*5 ; 
or, also, very well, by letting definite 
quantities of fluid flow into the cylinder 
from a correct pipette or burette and ob- 
serving whether or not they are correctly 
indicated by the scale of the cylinder. 

/3. Measuring vessels graduated 

FOR DELIVERING. 

aa. Measuring vessels which serve to 
measure out one definite quantity of fluid. 





Fig. 10. 


3. The Graduated Pipette . 

This instrument serves to take out a definite volume of a fluid from 
one vessel, and to transfer it to another ; it must accordingly be of a 
suitable shape to admit of its being freely inserted into flasks and bottles. 

We use pipettes of 1, 5, 10, 20, 50, 100, 150 and 200 c.c. capacity. 
The proper shape for pipettes- up to 20 c.c. capacity is represented in 
fig. 1 1 ; fig. 12 shows the most practical form for larger ones. To fill 
a pipette suction is applied to the upper aperture, either directly with 
the lips or through a caoutchouc-tube, until the fluid stands above the 
mark ; the upper orifice (which is somewhat narrowed and ground) is 
then closed with the first finger of the right hand (the point of which 
should be a little moist ) ; the outside is then wiped dry, if required, 
and, the pipette being held in a perfectly vertical direction, the fluid is 
allowed to drop out, by lifting the finger a little, till it has fallen to the 

* Zeitachr. f. anal. Ckem. 7, 287, 
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required, level ; the loose drop is carefully wiped off, and the contents 
of the pipette are then finally transferred to the other vessel. In this 
process it is found that the fluid does not run out completely, but that 
a small portion of it remains adhering to the glass in the point of the 

I pipette : after a time, as this becomes in- 

11 creased by other minute particles of fluid 

1 trickling down from the upper part of 

1 the tube, a drop gathers at the lower 

I orifice, which may be allowed to fall off 

I from its own weight, or may be made to 

25 CC | 50 C C drop off by a slight shake. If, after this, 
1 the point of the pipette be laid against a 

I moist portion of the inner side of the 

m irm vessel, another minute portion of fluid 

H 1 I w dl trickle out, and lastly, another tri- 

1 It I fling droplet or so may be got out by 

I I I blowing into the pipette. Now, sup- 

1 H | posing the operator follows no fixed rule 

II llll • in aspect, letting the fluid, for in- 

m WMM stance, in one operation simply run out, 

f ’ whilst in another operation he lets it 

10CC ; drain afterwards, and in a third blows 

out the last particles of it from the pipette, 

I it is evident that the respective quanti- 

ties of fluid delivered in the several ope- 
rations cannot be quite equal. I prefer 
| i in all cases the second method — viz,, to 

A ; ° lay the point of the pipette, whilst drain- 

3 j ing, finally against a moist portion of the 

side of the vessel, which I have always 
found to givo the most accurately cor- 
responding measurements. 

The correctness of a pipette is tested 
by fillit g it up to the mark with distilled 
water of 1 7 0, 5, letting the water run out, 
gJLin in the manner just stated, into a tared 
-j- vessel, and weighing; the pipette may 

» be pronounced correct if ioo c.c.of water 

Fig. n. Fig. i*. Fig. 13. of i7°’5 weigh 100 grm. 

Testing in like manner the accuracy 
of the measurements mado with a simple hand pipette, we find that 
one and the same pipette will in repeated consecutive weighings of the 
contents, though filled and emptied each time with the minutest care, 
show differences up to *oi grm. for 10 c.c. capacity, up to *04 grm. for 
50 c.c. capacity. 

. The accuracy of the measurements made with a pipette may be 
heightened by giving the instrument the form and construction shown 
in fig. 13, and fixing it to a holder. It will be seen from the drawing 
that these pipettes are emptied only to a certain mark in the lower 
tube, and that they are provided with a clip, a contrivance which we 
shall have occasion to describe in detail when on the subject of burettes. 
This reduces the differences of measurements with one alid the same 50 
c.c. pipette to *005 grm. 
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Pipettes are used more especially in cases where it is intended to 
estimate different constituents of a substance in separate portions of the 
same : for instance, io grm. of the substance are dissolved in a 250 c.c. 
flask, the solution is diluted up to the mark, shaken, and 2, 3, or 4 
several portions are then taken out with a 50 c.c. pipette. Each 
portion consists of ^ of the whole, and accordingly contains 2 grm. of 
the substance. Of course the pipette and the flask must be in perfect 
harmony. Whether they are may be ascertained by, for instance, 
emptying the 50 cc. pipette, 5 times into the 250 c.c. flask, and 
observing if the lower edge of the dark zone of fluid coincides with the 
mark. If it does not, you may make a fresh mark, which, no matter 
whether it is really correct or not, will bring the two instruments in 
question into conformity with each other. 

Cylindrical pipettes, graduated throughout their entire length, may 
be used also to measure out any given quantities of liquid ; however, 
these instruments can properly be employed only in processes where 
minute accuracy is not indispensable, as the limits of error in reading 
off the divisions are not inconsiderable. For small quantities of liquid 
this inaccuracy may be avoided, by making the pipettes from tubing of 
small and uniform bore, and narrowed at both ends. (F. Mohr’s 
measuring pipettes.) 

When a fluid runs out of a pipette, drops sometimes remain here 
and there adhering to the tube ; this arises from a film of fat ; it may 
be removed by keeping the instrument some time tilled with a mixture 
of concentrated solution of bichromate of potassa and sulphuric acid, or 
with potassa. 

hb. Measuring vessels which serve to measure out quantities of fluid at 
will. 


4. Burettes. 

Of the various forms and dispositions of this instrument, the follow- 
ing appear to me the most convenient :* — 

§ 21. 

I. Mohrs Burette . 

This excellent measuring apparatus is represented in fig. 14. It 
consists of a cylindrical tube, narrower at the lower end for about an 
inch, with a slight widening, however, at the extreme point, in order 
that the caoutchouc connector may take a firmer hold. I only use 
burettes of two sizes, viz., of 30 c.c., divided into T \y c.c. ; and of 50 
c.c., divided into | c.c. The former I employ principally in scientific, 
the latter chiefly in technical investigations. The usual length of my 
30 c.c. burette is about 50 cm. ; the graduated portion occupies about 
43 cm. The bore of the tube is accordingly about 10 mm . ; the upper 
orifice is, for the convenience of filling, widened in form of a funnel, 
to 20 mm. ; the width of the lower orifice is 5 mm. For very delicate 

* For other forms of the burette, see F. Moiir, Lehrbuch der Titrirmethode, 
3 ed. §2 ; G. C. Wittstein, Vierteljahreeschr. f. prakt. Pharm. 16, 567, andZeit- 
achr. f. anal. Chem. 7, 84 ; A. Gawalovsky, Zeitschr. f. Cliem. [N. F.] 6, 129, and 
Zeitschr. f. anal. Chem. 9, 369 ; Gondolo, Rev. hebdom. de chim, Nov. 1869, and 
Zeitschr. f. anal. Chem; 9, 370. f 
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processes, the length of the graduated portion may be extended to 50 
or 52 cm., leaving thus intervals of nearly 2 mm. between the small 

divisional lines. In 

the graduated portion 
|i H of the tube is gene- 

| 1 warmed a. little, and 

then drawn over it; 
B into the other end of 

M MB ^ this is inserted a tube 

B M II of thick glass, about 

9 ■ II advisable to slightly 

II II ^S© widen the upper end 

H IB T of this tube also, and 

B IB to cover it with a thin 

II jB — also to tie linen-thread 

I round both ends of the 

connector, to insure 

The space between 

. /I the lower orifice of the 

K 3 H burette and the upper 

orifice of the small de- 
livery tube should be 
Fig. 14. about 15 mm. The 

india-rubber tube is 

now pressed together between the ends of the tubes by the clip. 
The latter is usually made of br^ 0 #ire; the form represented in 
fig. 15 was givemby Mohr. 

jgBEVv A good clip must pinch so 

tight that not a particle of 
i fluid can make its way through 

jW the connector when com- 

m pressed by it; it must be so 

M # constructed that the analyst 

1 |k . JB may work it with perfect faci- 

“T lity and exactness, so as to re- 

gulate the outflow of the liquid 
Fig. 15. with accuracy. 
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Mohr* has devised also very practical clips of glass (or horn) and 
caoutchouc, which I can highly recommend. 

Figs. 1 6 and 17 show the construction of these clips; they are so 
simple that anybody may easily make them according to Mohr’s in- 
structions, which I will give here in his own words : — 

“ Bend two pieces of flat thermometer tubing from 80 to 90 mm. 
long, in a very obtuse angle, place between them, in the middle, a 
piece of cork, about 1 ^ or 2 mm. thick, and put a caoutchouc ring, cut 
off from a somewhat wide india-rubber tube, over the part enclosing 



% 17. Fig. 18. 


the cork. Put the caoutchouc tube of the burette between the two 
glass tubes, press the points together, and push another india-rubber 
ring over the tubes. These two rings serve to keep the elastic tube of 
the burette tightly compressed. By pressing on the divergent ends of 
the glass rods, the elastic bands are stretched asunder, and the liquid 
drops through the delivery tube ; when the pressure on the ends of the 
tube ceases, the elastic bands, recovering their original tightness, close 
the connector again.” 

For supporting Mohr's burettes, I use the holder represented in 

* Mohr’s Lehrbuch der Titrirmethode. 

QUANT. VOL. I. D 
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fig. 14; this instrument, whilst securely supporting the tube, permits 
its being moved up and down with perfect freedom, and also its being 
taken out, without interfering with the clip. The position of the burette 
must be strictly perpendicular, to insure which, care must be taken to 
have the grooves of the cork lining, which are intended to receive the 
tube, perfectly vertical, with the lower board of the stand in a hori- 
zontal position. I now have the arm bearing the tubes made movable 
round the upright, so that first one burette and then the other may be 
used with ease. A screw (which is wanting in the figure) serves to fix 
the arm if required. A similar holder, with a brass clamp, is repre- 
sented in fig. 18. 

To charge the burette for a volumetrical operation, fill it a little 
above the zero, then fully open the clip for a moment so that the fluid 
may completely fill the point, no air bubble remaining. If an air bubble 
still remains, bend the point upwards and open the clip again. The 
bubble may be entirely prevented by filling the lower part of the burette 
by suction. The burette having, if required, been adjusted in the ver- 
tical position, the liquid is allowed to drop out to zero. The instru- 
ment is now ready for use. When as much liquid has flowed out as is 



Kg. 19. Fig. zo. Fig. 21. 


required to attain the desired object, the analyst, before proceeding to 
read off the volume used, must wait a few minutes, to give the fluid 
adhering to the sides time to run down. If the last rule is neglected, 
the results cannot be expected to agree when, for instance, in one ex- 
periment the fluid is run off from the burette in small quantities at a 
time, and in another experiment the bulk of the fluid required is run 
off at once, the last drops only being added gradually. 

The way in which the reading off is effected, is a matter of great 
importance ; the first requisite is to bring the eye to a level with the 
top of the fluid. We must consequently settle the question— What is 
to be considered the top 1 

If you hold a burette, partly filled with water, between the eye and 
a strongly illumined wall, the surface of the fluid presents the ap- 
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pearance shown in fig. 19; if you hold close behind the tube a sheet 
of white paper, with a strong light falling on it, the surface of the fluid 
presents the appearance shown in fig. 20. In both cases, you have to 
read off at the lower border of the dark zone, this being the most 
distinctly marked line. F. Mohr recommends the following device for 
reading off: — Paste on a sheet of perfectly white thick paper a broad 
strip of black paper, and, when reading off, hold this close behind the 
burette, with the edge of the black paper 2 or 3 mm. below the lower 
border of the dark zone, as shown in fig. 21; read off at the lower 
border of the dark zone. Care must be taken to hold the paper in- 
variably in the same position, since, if it be held lower down, the lower 
border of the black zone will move higher up. I do not myself read 
off in this manner, but I prefer to read off in a light which causes the 
appearance represented in fig. 19. 

By the use of Erdmann's float* all uncer- 
tainties in reading off may be avoided. Fig. 22 
represents a burette thus provided. In this case 
we always read off the degree of the buretie which 
coincides with the circle on the middle of tne float. 

The float must be so fitted to the width of theVburette 
that when placed in the filled burette, it will, on 
allowing the fluid to run out gradually, sink down 
with the same without wavering, and when has 
been pressed down into the fluid of the closed burette, 
it will slowly rise again. The weight of the\float 
must, if necessary, be so regulated by mercury \that 
when placed in the filled tube it may cut the fluid 
with its top uniformly all round. A further impor- 
tant condition of the float is that its axis should 
coincide as nearly as possible with that of the burette, 
so that the divisions on the burette may be parallel 
with the circular line on the float. \ 

The correctness of. the graduation of a burette is\ 
tested in the most simple way, as follows : fill the \ 
instrument with water of 17°’ 5, then run 10 c.c. into \ 
a weighed flask, and weigh ; then run another 10 c.c. 
out, and weigh again, and repeat the operation until 
the contents of the burette are exhausted. If the 
instrument is correctly graduated, every 10 c.c. of 
water of i7°*5 must weigh 10 grm. Differences up 
to *oi grm. may be disregarded, since even with the Fig. 22. 
greatest care bestowed on the proc&ss of reading off, 
deviations to that extent will occur in repeated measurements of the 
uppermost 10 c.c. of one and the same burette. With the float- 
burettes the weighings agree much more accurately, and fihe differences 
for 10 c.c. do not exceed *002 grm. \ 

Mohr's burette is unquestionably the best and most \ convenient, 
and ought to be employed in the measurement of all liquids which are 
not injuriously affected by contact with caoutchouc. Of the standard 
solutions used at present in volumetric analysis, that of permanganate 
of potassa alone cannot bear contact with caoutchouc. For qalibrating 
Mohr’s burettes Scheibler gives excellent directions.*!* ' 

* Joum. f, prakt. Chem. 71, 194. t Ik 76 , * 77 - 
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§ 22 . 

II. Gay-Lussac’s Burette . 

Fig. 23 represents this instrument in, as I believe, its most practical 

I make use of two sizes, one of 50 c.c., divided into 
| c.c., the other of 30 c.c. divided into c.c. The former 
is about 33 cm. long; the graduated portion occupies 
about 25 cm. ; the bore of the wide tube is 15 mm. ; that 
of the narrow tube 4 mm., which in the upper bent end 
gradually decreases to 2 mm. The graduated portion of 
the smaller burette is about 28 cm. long, and has accord- 
ingly a bore of about 1 1 mm. 

When operating with a burette of this construction, 
I hold the instrument with the left hand, letting the 
bottom lean a little against the chest. By holding the 
instrument in this way, and occasionally pointing the 
spout sideways, the operator will be enabled to regulate 
the outflow of liquid at will. As a general rule, I never 
let the liquid run back in the narrow tube, in the course 
of an experiment, since the air bubble enclosed between 
the fluid in the burette and the drop adhering to the 
mouth of the spout, makes it generally a task of some 
difficulty to renew the outflow of the liquid. 

The stand which I use to rest my burettes in, consists 
of a disk of solid wood, from 5 to 6 cm. high, and from 10 to 
1 2 cm. in diameter, with a hole made with the auger and 
chisel, of proper size to receive the bottom of the burette. 
This arrangement seems to me more convenient than the 
method of cementing the burette in a wooden foot. 

To overcome the difficulty of renewing the outflow 
of the liquid, which is always experienced when, during 
the temporary cessation of the process, air has been en- 
closed between the liquid in the burette and the drop adhering to the 
mouth of the spout, Mohr suggests the use of a perforated cork, bearing 
a short glass tube bent at x a right angle. The cork being inserted into 
the mouth of the wide tube, a piece of caoutchouc is drawn over the 
short glass tube ; by blowing into this with greater or less force, the 
outflow of the, liquid from the spout of the slightly slanting burette 
may be regulated at pleasure. Instead of blowing with the mouth a 
caoutchouc balloon may be used. This contains a small round opening 
by which air Centers, and which is closed by the finger during com- 
pression. (Hssrve-Mangon.*) 

The reading off of the height of the liquid is effected in the same 
way as explained in §, 21. I prefer, however, placing the burette firmly 
against a perpendicular partition, either a strongly illumined door, or 
the pane of a windjbw, to insure the vertical position of the instru- 
ment. It is only when operating with rather concentrated, and accord- 
ingly opaq'ie solutions of permanganate of potassa, that the method of 
reading of? requires modification ; in that case, the upper border of the 



Fig. 23. 


R^p- cliim. appliquee, i, 68. 
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liquid is noted ; and the best way is to place the burette against a white 
background, and read off by reflected light. 

The correctness of the graduation of Gay-Lussac’s burettes is tested 
in the same way as that of Mohr’s burettes. 

§ *3- 

III. Gewler's Burette, 

In this instrument, which is represented in 
tig. 24, the narrow tube is placed inside the wide 
tube instead of outside, as in Gay-Lussac’s bu- 
rette. The part of the inner tube projecting beyond 
the wide tube is thick in the glass ; whilst the part 
inside, which is of the same bore, is made of very 
thin glass. 

This is a very convenient instrument, and less 
liable to fracture than Gay-Lussao’s burette. I am 
very fond of working with it. 

For the method of reading off and testing 
the correctness of the instrument, I refer to §§ 2 1 
and 22. 

II. Preparation of Substances for the Pro- 
cesses of Quantitative Analysis. 

§ 24 . 

I. The Selection of the Sample. 

Before the analyst proceeds to make the quan- 
titative analysis of the body, he cannot too carefully 
consider whether the desired result is fully attained 
if he simply knows the respective quantity of every 
individual constituent of that body. This primary 
point is but too frequently disregarded, and thus 
false impressions are made, even by the most care- 
ful analysis. This remark applies both to scientific 
and to technical investigations. 

Therefore, if you have to determine the con- 
stitution of a mineral, take the greatest possible Fig. 24 . 

care to remove in the first place every particle of 
gangue, and disseminated impurities; remove any adherent matter 
by wiping or washing, then wrap the substance up in a sheet of thick 
paper, and crush it to pieces on a steel anvil; and pick out with 
a pair of small pincers the cleanest pieces. Crystalline substances, 
prepared artificially, ought to be purified by recryptallization ; preci- < 
pitates by thorough washing, &c. In technical investigations — when 
called upon, for instance, to determine the amount of peroxide present in 
a manganese ore, or the amount of iron present in an iron ore — the first 
point for consideration ought to be whether the samples correspond as 
much as possible to the average quality of the ore. What would it 
serve, indeed, to the purchaser of a manganese mine to know the amount 
of peroxide present in a select, possibly particularly rich, sample 1 
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These few observations will suffice to show that no universally 
applicable and valid rules to guide the analyst in the selection of the 
sample can be laid down ; he must in every individual case, on the one 
hand, examine the substance carefully, and more particularly also 
under the microscope, or through a lens ; and, on the other hand, keep 
clearly in view the object of the investigation, and then take his 
measures accordingly. 

§ 25. 

2. Mechanical Division. 

In order to prepare a substance for analysis, i.e. y to render it ac- 
cessible to the action of solvents or fluxes, it is generally indispensable, 
in the first place, to divide it into minute parts, since this will create 
abundant points of contact for the solvent, and will counteract, and, as 
far as practicable, remove the adverse influence of the power of cohe- 
sion, thus fulfilling all the conditions necessary to effect a complete and 
speedy solution. 

The means employed to attain this object vary according to the 
nature of the different bodies we have to operate upon. In many cases, 
simple pounding or triturating is sufficient ; in other cases it is neces- 
sary to reduce the powder to the very highest degree of fineness, by 
sifting or elutriation. 

The operation of powdering is conducted in mortars ; the first and 
most indispensable condition is, that the material of the mortar be con- 
siderably harder than the substance to be pulverised, so as to prevent, 
as far as practicable, the latter from being contaminated with any par- 
ticles of the former. Thus, for salts and other substances possessing no 
very considerable degree of hardness, porcelain mortars may be used, 
whilst harder substances (including most minerals) require mortars of 
agate, chalcedony, or flint. In such cases, the larger pieces are first 
reduced to a coarse powder; this is best effected by wrapping 
them up in several sheets of writing- 
paper, and striking them with a hammer 
upon a steel or iron plate ; the coarse 
powder thus obtained is then pulverized, 
in small portions at a time, in an agate 
mortar, until it is reduced to the state of 
an impalpable powder. 

If we have but a small portion of a 
mineral powder to operate upon, and 
indeed, in all cases where we are desirous 
of avoiding loss, it is advisable to use a 
steel mortar (fig. 25) for the prepara- 
tory reduction of the mineral to coarse 
powder, a b and c d represent the two 
component parts of the mortar ; these 
may be readily taken asunder. The sub- 
stance to be crushed (having, if prac- 
Fig. 25. ticable, first been broken into small 

pieces), is placed in the cylindrical cham- 
ber e f ; the steel cylinder, which fits somewhat loosely into the cham- 
ber, serves as pestle. The mortar is placed upon a solid support, and 
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perpendicular blows are repeatedly struck upon the pestle with a 
hammer until the object in view is attained. 

Minerals which are very difficult to pulverize should be strongly 
ignited, and then suddenly plunged into cold water, and subsequently 
again ignited. This process is of course applicable only to minerals 
which lose no essential constituent on ignition, and are perfectly in- 
soluble in water. 

In the purchase of agate mortars, especial care ought to be taken 
that they have no palpable cracks or indentations ; very slight cracks, 
however, that cannot be felt, do not render the mortar useless, although 
they impair its durability. 

Minerals insoluble in acids, and which consequently require fusing, 
must especially be finely divided, otherwise we cannot calculate upon 
complete decomposition. The object may be attained either by patiently 
triturating small portions in an agate mortar, or by levigating, elutri- 
ating, or sifting : levigating, or elutriating, however, can be resorted 
to only in the case of substances which are not attacked by water. 
Analysts must in future be more cautious on this point, since it has been 
discovered that many substances which are usually held to be insoluble 
in water are, in a state of minute division, strongly affected by that 
solvent ; thus, for instance, water, acting upon finely pulverized glass, 
is found to rapidly dissolve from 2 to 3 per cent, even in the cold 
(Pelouze).* Thus, again, finely divided felspar, granite, trachyte 
and porphyry give up to water both alkali and silica (H. Ludwig).! 

Levvgation is effected as follows. Add a little water to the pounded 
mineral in the mortar, and triturate the paste until all crepitation 
ceases, or, which is a more expeditious process, transfer the mineral 
paste from the mortar to an agate or flint slab, and triturate it thereon 
with a muller. Rinse the paste off, with the washing bottle, into a 
smooth hemispherical porcelain basin, evaporate the water on the water 
bath, and mix the residue most carefully with the pestle. (The paste 
may be dried also in the agate mortar, but at a very gentle heat, since 
otherwise the mortar might crack.) 

To perform the process of elutriation , the pasty mass, having first 
been very finely triturated with water, is washed off into a beaker, 
and stirred with distilled water ; the mixture is then allowed to stand 
a minute or so, after which the supernatant turbid fluid is poured off 
into another beaker. The sediment, which contains the coarser parts, 
is then again levigated, <fcc., and the operation repeated until the whole 
quantity is elutriated. The turbid fluid is allowed to stand at rest until 
the suspended powder has subsided, which generally takes many hours. 
The water is then finally decanted, and the powder dried in the beaker. 

The process of sifting is conducted as follows : a piece of fine, 
well-washed, and thoroughly dry linen is placed over the mouth of a 
bottle about 10 cm. high, and pressed down a little into the mouth, so 
as to form a kind of bag j a portion of the finely triturated substance 
is put into the bag, and a piece of soft leather stretched tightly over 
the top by way of cover. By drumming with the finger on the leather 
cover, a shaking motion is imparted to the bag, which makes the finer 
particles of the powder gradually pass through the linen. The portion 
remaining in the bag is again triturated in an agate mortar, and, 


* Compt. Rend. 43, 1 17-123. 


t Archiv der Pliarra. 91, 147. 
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together with a fresh portion of the powder, sifted again ; and the 
same process is continued until the entire mass has passed through the 

bag into the glass. _ ■ , , .. 

When operating on substances consisting of different compounds it 
would be a grave error to use for analysis the powder resulting from 
the first process of elutriation or sifting, since this will contain an un- 
due proportion of the more readily pulverized constituents. Great 
care must, therefore, also he taken to avoid loss in the process of eluina- 
tion or sifting, as this loss is likely to be distributed unequally among 
the several constituents. In such cases it is safer, however, to reduce 
the substance by patiently triturating it dry, and to avoid elutriating 

or sifting. , ., . e n 

Where it is intended to ascertain the average composition ot a 
heterogeneous substance, of an iron ore for instance, a large average 
sample is selected, and reduced to a coarse powder; the latter is 
thoroughly intermixed, a portion of it powdered more finely, and mixed 
uniformly, and finally the quantity required fpr analysis is reduced to 
the finest powder, the mos,t convenient instrument for the crushing 
and coarse pounding of large samples of ore, &c., is a steel anvil and 
hammer. The anvil in my own laboratory consists of a wood pillar, 
8c cm. high and 26 cm. in diameter, into which a Steel plate, 3 cm. 
thick and 20 cm. in diameter, is let to the depth of one-half of its 
thickness. A brass ring, 5 cm. high, fits round the upper projecting 
part of the steel plate. The hammer, which is well steeled, has a 
striking surface of 5 cm. diameter. An anvil and hammer of this kind 
afford, among others, this advantage, that their steel surfaces admit 
most readily of cleaning. To convert the coarse powder into a finer, a 
smooth-turned steel mortar of about 130 mm. upper diameter and 
74 mm. deep is used— the final trituration is conducted in an agate 
mortar. 

§ 26. 

3. Drying. 

Bodies which it is intended to analyse quantitatively, must be, when 
weighed, in a definite state, in a condition in which they can be always 
obtained again. Now, the essential constituents of a substance are 
usually accompanied by an unessential one, viz., a greater or less 
amount of water, enclosed either within its lamellae, or adhering to it 
from the mode of its preparation, or absorbed by it from the atmosphere. 
It is obvious that before we can weigh out a definite quantity of a 
substance, we must, in the first place, remove this variable amount of 
water. Most solid bodies, therefore, require to be dried before they can be 

quantitatively analysed. . . , 

The operation of drying is of the very highest importance for the 
correctness of the results ; indeed it may be safely averred that many 
of the differences observed in analytical researches proceed entirely 
from the fact that substances are analysed in different states of moisture. 

Many bodies contain, as is well known, water which is proper to 
them either as inherent in their constitution or as so-called water ol 
irystallization. In contradistinction to this, we will employ the term 
moisture to designate that variable adherent or mechanically enclosed 
water, with the removal of which the operation of drying in the sense 
here in view is alone concerned. 
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In drying, our object is to remove all moisture, without interfering 
in the slightest degree with combined water or any other constituent 
of the body. To. accomplish this object, it is requisite that we should 
know the properties of the substance in the dry state, and whether it 
loses water or other constituents at a red heat, or at ioo°, or in dried 
air, or even simply, in contact with the atmosphere. These data will 
serve to guide us in the selection of the process of desiccation best 
suited to each substance. The dried substance should always at once 
be transferred to a well-closed vessel ; glass-tubes, sealed at one end, 
and of sufficiently thick glass to bear the firm insertion of tight-fitting 
smooth corks, are usually employed for this purpose. It is advisable to 
cover the cork with tinfoil. 

a. Substances which lose water in contact with the atmosphere ; such as 
sulphate of soda, crystallized carbonate of soda, <fcc. Substances of this 
kind turn dull and opaque when exposed to the air, and finally crumble 
wholly or partially to powder. 

They are more difficult to dry than many other bodies. The process 
best adapted for the purpose, is to press the pulverized salts with some 
degree of force between thick layers of fine white blotting paper, 
repeating the operation with fresh paper until the last sheets remain 
absolutely dry . It is generally advisable in the course of this operation 
to repowder the salt. 

b. Substances which do not yield water to the atmosphere {unless it is 
perfectly dry) but effloresce in artificially dried air ; such as sulphate of 
magnesia, tartrate of potassa and soda, &c. 

Salts of this kind are reduced to powder, which, if it be very inoist, 
is pressed between sheets of blotting paper, as in a; after this operation, 
it must be allowed to remain for some time spread in a thin layer upon 
a sheet of blotting paper, effectually protected against dust, and shielded 
from the direct rays of the sun. 

§ 27. 

c. Substances which undergo no alteration in dried air , but lose water at 
100 ; tartrate of lime, for instance. 

These are finally pulverized ; the powder is put in a thin layer into 
a watch-glass or shallow dish, and the latter placed inside a chamber 



Fig. 26. Fig. 27. 


m which the air is kept dry by means of sulphuric acid or chloride of 
calcium. This process is usually conducted in one of the following 
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apparatus, which are termed desiccators , and subserve still another 
purpose besides that of drying, viz., that of allowing hot crucibles, 
dishes, &c., to cool in dry air. 

In fig. 2 6, a represents a glass plate (ground-glass plates answer 
the purpose best), b, a bell jar, with ground rim, which is greased with 
tallow ; c is a glass basin with sulphuric acid ; d, a round iron plate, 
supported on three feet, with circular holes of various sizes, for the 
reception of the watch glasses, crucibles, <fcc., containing the substance. 

In fig. 27, a represents a beaker with ground and greased rim, and 
filled to one-fourth or one-third with sulphuric acid ; b is a ground glass 
plate ; c is a bent wire of lead, which serves to support the watch glass 
containing the substance. 

Fig. 28 is a similarly constructed apparatus containing chloride of 
calcium. 

Fig. 29 represents a readily portable desiccator, used more parti- 
cularly to receive crucibles in course of cooling, and carry them to the 



Fig. 28. Fig. 29, 


balance. The instrument consists of a box made ef strong glass ; the 
lid must be ground to shut air-tight ; the joint is greased with tallow. 
The outer diameter is 105 mm. ; the sides are 6 mm. thick. The 
aperture has a diameter of 80 mm. ; the bottom up to the small part 
is 65 mm. high; the lid has the same height; the small part itself is 
15 mm. high, and ground to a slightly conical shape. A brass ring, 
with rim, fits exactly into the aperture; the rim must not project 
beyond the glass. The ring bears a triangle of iron, or, better, platinum 
wire, intended for the; reception of crucibles, & c. The bottom is one- 
third filled with chloride of calcium. 

Fig. 30 represents the desiccator constructed by A. Schrotter, 
upon the principle of affording free egress to the air, which expands as 
soon as hot crucibles are placed inside the apparatus ; the expanding 
air escapes, in the first place, through the little tube, a , then through 
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the two lateral apertures in the lower part of b ; the air-bubbles lastly, 
which ascend through the sulphuric acid in c, make their escape from 
the bulb d , which is filled with chloride of calcium. When the 
apparatus is cooling, 
perfectly dry air re- 
enters by the same way. 

The operation may be 
i considered at an end 
when no more air-bub- 
bles ascend through the 
sulphuric acid. The 
little tube e serves to 
catch the sulphuric acid 
that might be carried 
down through a ; this 
tube must not close the 
lower orifice of the bell- 
jar air-tight, and the 
cork holding it must be 
channelled ; / serves as 
a stand for the bell-glass. 

This desiccator affords 
the advantage that the 
substances placed in it 
are cooled in dry air of 
the common pressure 
and have accordingly, 
when removed from the 
apparatus, no tendency 
to attract air (and con- 
sequently moisture), 
which cannot be said of 
substances cooled in air 
slightly rarefied by heat. 

The body which it is ^ 8 * 3°* 

intended to dry is kept * 

exposed to the action of the dry air in the glass, until it shows no 
further diminution of weight. Substances upon which the oxygen of 
the air exercises a modifying influence are dried in a similar manner, 
under the exhausted receiver of an air-pump. ' Substances which, though 
losing no water in dry air, yet give off ammonia, are dried over quick- 
lime, mixed with some chloride of ammonium in powder, and conse- 
quently in any anhydrous ammoniacal atmosphere. 

§28. 

d. Substcmce8 which at ioo° completely lose their moisture^ without suffer- 
ing any other alteration , such as bitartrate of potassa, sugar, &c. These 
are dried in the water-bath ; in the case of slow-drying substances, or 
where it is wished to expedite the operation, with the aid of a current of 
dry air. 

Fig. 3 1 represents the water-bath most commonly used. It is made 
either of tin-plate, or, better, of sheet copper, and, to adapt it for use 
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also as an oil-bath, soldered with brass. The engraving renders a 
detailed description unnecessary. The inner chamber c, is surrounded 
on five sides by the outer case or jacket, d e, without communicating 
with it. The object of the apertures g and 
A is to effect change of air, which purpose 
they answer sufficiently well. When it is 
intended to use the apparatus, the outer 
case is filled to about one-half with rain- 
water, and the aperture a is closed with a 
perforated cork, into which a glass tube is 
fitted; the aperture 6 is entirely closed. 
If the apparatus is intended to be heated 
over a fire, it should have a length of 
about 20 cm. from d to /; but if over a 
gas-, spirit-, or oil-lamp, it should be only about 13 cm. long. In 
the former case, the inner chamber is 17 cm. deep, 14 broad, and 
10 high; in the latter caso, it is 10 cm. deep, 9 broad, and 6 high. 
The temperature in the inner chamber never quite reaches ioo°; to 
bring it up to this point, F. Bochleder has suggested (in a private 
communication) to close b with a double-limbed tube, the outer longer 
limb of which dips into a cylinder filled with water ; a is in that case 
closed with a perforated cork bearing a sufficiently tall funnel tube, 
which fits air-tight. The lower end of this tube reaches down to one 
inch from the bottom. 

In large analytical laboratories water is usually kept boiling all day 
long, for the production of distilled water. The boilers used in my 
own laboratory have the shape of somewhat oblong square boxes, about 
120 cm. Tong, 60 broad, and 24 high: the front of the boiler has 
soldered into it, one above the other, two rows of drying-chambers, or 
closets, of the kind shown in fig. 31. This gives so many ovens, that 
almost every student may have one for his special use. Most of these 
ovens are from 11 to 12 cm. deep and broad, and 8 cm. high ; some of 
them, however, are 16 cm. deep and broad, to enable them to receive 
large-sized dishes. 

The substances to be dried are usually put on double watch-glasses, 
laid one within the other, which* are placed in the oven, and the door is 

then closed. In the subse- 
quent process of weighing, 
the upper glass, which con- 
tains the substance, is co- 
vered with the lower one. 
.The glasses must be quite 
cold before they are placed 
on the scale. In cases where 
we have to deal with hygro- 
scopic substances, the re- 
absorption of water upon 
cooling is prevented by the selection of close-fitting glasses, which are 
held tight together by a clip (fig. 32), and allowed to cool with their 
contents under a bell-glass over sulphuric acid (see fig. 26). These 
latter instructions apply equally to the process of drying conducted in 
other apparatus. 

The clip used for keeping the watch-glasses pressed together is, in 
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all cases where it is intended to ascertain the loss of weight on drying, 
to be looked upon as belonging to the glasses, and weighed with them. 
It is either made of two strips of thin brass, about io cm. long and 
i wide, which are soldered together at the ends to the extent of 5 to 
6 mm., or it is formed of one piece, as shown in the figure. 

The following apparatus serve for drying substances in a current of 
air : — 

In fig. 33 (. 4 ) the current is caused simply by heating the air, which 
renders this apparatus very convenient for use. a b is a case of sheet 
copper, or tin plate, into 
which the canal c d is sol- 
dered; the latter communi- 
cates with the chimney e f ; 
this is surrounded on three 
sides by the cover g h , which 
again communicates with a b. 

The cover has no opening at 
the top. At i is a round aper- 
ture leading into the canal, 
and which may be closed 
with a cork ; Ik is provided 
with a well-fitting sliding 
door running in grooves. 

When the apparatus is to be 
used, the aperture n, which 
serves to let off the water, is 
closed with a cork, the outer case is half filled — through m — with water, 
which is then heated to boiling. The watch-glasses with the substances 
to be dried are placed on the holes of the sliding shelf B , and the latter 
is introduced into the canal at l k, which is then closed. An upward 
current is soon produced in the chimney, heated as it is, by the steam 
surrounding it, and the cold air flowing in through i, and passing over 
the drying substances, carries away with it the evaporating moisture. 
There is a slight disadvantage attending this method— viz,, the cold air 
which passes through keeps the drying substances always a little below 
ioo°; this may be easily remedied, however, by conducting the air, 
in the first place, through a tube running along under the bottom of 
the canal (to which it is soldered) from one end to the other and 
back again. The air is thus heated to ioo°, before coming into contact 
with the drying substance. This tube has been omitted from the 
figure, to avoid confusion. To render the apparatus still more useful, 
round holes of different sizes may be cut in the top of the case ; these 
holes, for which proper covers must be provided, serve for the reception 
of small evaporating dishes. The aperture m may, in that case, of 
course, be omitted. The apparatus is, according to the requirements of 
the case, made from 20 to 30 cm. long, with a depth of 15, and height 
of about 10 cm. The chimney should be 6 cm. wide, and 3 high. If it 
be desirable to create a stronger draught of air than that produced by 
the little chimney, air which has previously been transmitted through 
sulphuric acid, or through a chloride of calcium tube, may be blown 
into i by means of a gasometer, or an india-rubber balloon, or some 
other contrivance. Or air, dried by sulphuric acid, may be drawn 
through by means of the hydraulic air-pump (§ 47), or an aspirator 



B. 




Fig- 33 - 
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(d in fig. 34) j in this case a round tube should be joined to the 
little chimney, which may thus be fitted with a cork bearing a glass 
tube. If a higher temperature than that of boiling water be required, 
the apparatus (which must then be of copper) is filled with oil, and 
the temperature determined by a thermometer, fixed in m by a cork. 

In the apparatus fig. 34, the current of air is produced by an aspirator. 
a represents a flask filled one-third with sulphuric acid ; c a glass vessel 


Fig. 34* 



(commonly called a Liebig’s drying-tube), and d a tin vessel, provided 
with a stop-cock at e. Fig. 35 represents a small tin vessel, containing 
water and covered with a lid; a and b serve to receive the ascending 
limbs of c. The tube c is first weighed with the substance, then placed 
in the water-bath, fig. 35, which is placed over a spirit- or gas-lamp; 
the aspirator d is then filled with water, and c connected with the flask a 
by the perforated cork <7, and with d by means of a caoutchouc tube/. 
If the stop-cock e be now opened so as to cause the water to drop from 
d, the air will pass through the tube b } and after being dehydrated by 
the sulphuric afcid, will pass over the heated substance in c. After 
the operation has been continued for some time, it is interrupted for the 
purpose of weighing the tube c and its contents, and then resumed 
again, and continued until the weight of c (and its contents) remains 
constant. If the operator possesses an hydraulic air-pump (§ 47), this 
may be conveniently substituted for the aspirator. Towards the end of 
the process a small chloride of calcium tube should be inserted at /. As 
the current of cold air plays upon the substance, the latter never really 
reaches ioo°. It is, therefore, sometimes advisable to substitute for 
the water in the bath a saturated solution of common salt. 

With this substitution, the last apparatus will be found to effect its 
purpose 'the most expeditiously. It is not adapted, however, for drying 
such substances as have a tendency to fuse or agglutinate at ioo°. 
This apparatus is to be recommended less for estimations of moisture 
than for merely drying, as glass is somewhat acted on by long contact 
with boiling water ; and consequently the drying-tube loses weight to 
a slight extent in the course of the operation. However, different kinds 
of glass vary in this respect. 
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§ 29. 

e. Substances which persistently retain moisture at ioo°, or become com- 
pletely dry only after a very long time ; but which are decomposed by a red 
heat. 

The drying of such substances is effected in baths of air, oil, paraffin, 
or mercury, or on the drying disk (§31), at a temperature of no 0 , 
120 0 , or still higher, some&aes with the aid of a current of air, some- 
times without, sometimes in rarefied air, sometimes in dilute carbonic 
acid. 

Figs. 36 and 37 represent two air-baths of the simplest construc- 
tion ; the former adapted for the simultaneous drying of several 
substances, the latter more particularly suited for the drying of a single 
substance. 

In fig. 36, a 6 is a case of strong sheet copper, soldered with brass, 
of a width and depth of 15 to 20 cm., and corresponding height. The 
aperture c receives a perforated cdrk, into which is fixed a thermometer 
d, which reaches into the interior of the case; e is a wire stand, on 



Fig. 36. Fig. 37. 


which are placed the watch-glasses with the substances to be dried. 
The case is heated by means of a gas-, spirit-, or oil-lamp. When the 
temperature has once reached the intended point, it is easy to maintain 
it pretty constant, by regulating the flame.* In order to limit as much 
as possible the cooling from without, it is advisable to put over the 
whole apparatus a pasteboard hood -with a movable front. 

37 > -4 is a box of strong sheet copper, about n cm. high, 
and 9 wide. The box is dosed with iJhe loose-fitting cover B, which 

xi a gas-lamp, Kemp’s regulator improved by Bunsen (made by Desaga, 

Heidelberg), may advantageously be used to obtain constant temperatures. An 
alteration m this instrument has been recommended by T. Schorer (Zeitschr. f. 
anal. Chena. 9, 113). Soheibler’s regulator {lb. 7, 88) is more certain in its action, 
especially when the pressure of the gas is liable to sudden changes, but, as it 
depends on an electro-magnet, its construction is more complicated. 
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is provided with a narrow rim, and has two apertures, C and E ; C is 
intended to receive the thermometer D , which is fitted into it by a per- 
forated cork, E affords an exit to the aqueous vapours, and is, according 
to circumstances, either left open, or loosely closed. In the interior of 
the box, about halfway up, are fixed three pins, supporting a triangle 
of moderately stout wire, upon which the crucible with the substance is 

placed uncovered. The bulb of the 
thermometer approaches the crucible 
as closely as possible, but without 
touching the triangle. The heating 
is effected by means of a gas- or 
spirit-lamp. When the apparatus 
has cooled sufficiently to be laid 
hold of without inconvenience, the 
lid is removed, the crucible, which 
is still warm, taken out, covered, 
and allowed to cool in a desiccator j 
and weighed when cold. 

The air-bath, fig. 38, serves for 
the drying of substances in a bulb- 
tube, with simultaneous application 
of a current of dry air. The appa- 
ratus consists of a box made of sheet 
iron, of the following dimensions 
a b = 20, a c= 13, a d- 12, e /= n, 
e (j — 6 cm. The apertures of both 
sides have a diameter of 16 mm. 
The bulb of the thermometer should 
be on a level with that of the bulb- 
tube, touching it at the side. To 
this end, the aperture h must not 
be placed in the middle line, but 
1 cm. behind it. It is easy to attain 
in this apparatus a temperature of 
from 200 to 260°. To produce the 
current of dry air, one of the pro- 
jecting ends of the bulb-tube is con- 
nected with the hydraulic air pump 
(§ 47), or an aspirator, as in fig. 34; 
the other with a chloride of calcium 
tube, or wash bottle containing 
sulphuric acid ; the current should 
be somewhat rapid at first, slower 
Fig 38. afterwards. If it is intended to 

weigh the tube with the dried sub- 
stance, it is allowed to cool, with a current of dry air still continuing 
to pass through. 

In the air-bath, fig. 39, the drying is promoted by alternate exhaus- 
tion and re-admission of air. a represents a vessel of strong sheet 
copper, soldered with brass, and provided with two apertures at the 
top ; b is a small glass tube, containing the substance ; 0 a ther- 
mometer ; d a chloride of calcium tube ; e an exhausting syringe, for 
which, of course, a mercurial or an hydraulic air-pump may be 
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substituted. The operation is commenced by heating a to the desired 
degree ; b and d are then exhausted. After the lapse of a few minutes, 
fresh air is readmitted through the stop-cock which, passing over the 



chloride of calcium in d, is completely dried. The same process of 
alternate exhaustion and readmission of air is repeated until the interior 
of the tube g ceases to exhibit even the faintest trace of moisture, when 
cooled by the application of wool saturated with ether. 


§ 3 °- 

The copper apparatus represented in fig. 31 is employed also as an 
oil-bath ; when used for that purpose, the outer case is filled two- 
thirds with refined rape-oil. To note the temperature, a thermometer 
is inserted, by means of a perforated cork, in the aperture a j with the 
bulb reaching nearly to the bottom, or, at all events, entirely immersed 
in the oil. As the oil, when heated, emits a 
most disagreeable smell, I often use paraffin 
instead. The air-bath represented in fig. 39 
will also serve the purpose of an oil-bath. If 
it is intended to weigh the substance after 
drying in a tube, a shorter tube is selected for 
the purpose, which readily admits of insertion 
into the tube standing in the oil. 

Many organic substances, when dried at a 
somewhat high temperature, suffer alteration 
by the action of the atmospheric oxygen (F. 

Rochleder*). In the drying of such sub- 
stances, oxygen must accordingly be excluded. 

Figs. 40 and 41 represent the apparatus de- 
vised by Rochleder for this purpose. The 
former may also be advantageously used for 
drying in a current of air. In the latter the 
drying is effected in a rarefied gas. B in fig. 40 
13 a copper plate cylinder, 18 cm. high and 9 cm. Fig. 40. 

* Journ. f. prakt. Chem. 66, «o8. 
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in diameter, it is filled with oil or paraffin. A is fixed in B, it is made of 
iron or glass and contains mercury, in which a thermometer and the tubo 
C dip. C contains the substance. The dried gas (hydrogen, carbonic 



acid, air, &o.) enters at b and escapes at a , if necessary through a 
chloride of calcium tube. To prevent the current from blowing on to 
the powdered substance the end of b is bent upwards. The advantage 
of having mercury in A is that C is not soiled. In fig. 41 the cock H 
is screwed on at a , to the air-pump ; b is connected, by means of an 
india-rubber tube, with a caoutchouc-bag (or a bladder), filled with 
carbonic acid. B is an oil-bath ; the temperature of the bath is noted 
by means of a thermometer ; S is a wide-mouthed vessel of strong 
glass, placed in the bath, which serves to receive the substance to be 
dried, contained in a glass tube as wide as practicable, and sealed at 
the bottom. By working the air-pump with the cock H open and 11 
closed the air in S is rarefied; by closing ff, and opening IT, the 
apparatus is filled with carbonic acid, freed from moisture in its passage 
through the chloride of calcium tube C'. By repeating this operation 
the apparatus is filled completely with dry carbonic acid. IV is then 
closed, and the pump set to work. The oil-bath is then heated to the 
desired degree, carbonic acid being admitted, from time to time, through 
H r . With the carbonic acid pumped out, after closing the cock IV, is 
removed also the moisture absorbed by it, which is retained in the 
chloride of calcium tube G. The entire operation is completed within 
an hour. 

§ 31- 

In technical and agricultural chemical^ processes, when it is required 
to dry a number of samples simultaneously at a rather high tempera- 
ture, the drying -disk, devised by myself, and represented in fig. 42, will 
be found convenient. 

This appar^fag consists of a turned cast-iron plate, 37 mm. thick 
and 21 cm. in|Bameter ; the weight is about 8 kilogrammes. Owing 
to the latter circumstance, the heat is very uniformly diffused through 
its entire mass, and it is easy to maintain it steadily at the desired 
temperature. The plate has six smooth cylindrical cavities, at equal 
distances from each other and the centre, in which six turned brass 
pans, of 55 mm. diameter and 18 mm. height in the clear, are fitted 
somewhat loosely, to admit of their ready removal after heating. The 
pans are provided with small handles, turned towards the periphery of 
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the disk, and resting in appropriate grooves. Behind every cavity is 
stamped on the plate a number, from i to 6; the handles of the pans 
bear corresponding numbers, so that every pan has its own proper 
cavity. The distance from the centre of the 
plate to the centre of the pans is 6*5 cm. ; 
the rims of the pans are level with tho sur- 
face of the plate. Five of the pans are 
intended to receive the samples (ores, parts 
of plants, &c.) ; the sixth receives the 
thermometer, to which end a brass ring is 
fitted into it, projecting 3 cm. above the 
surface. The pan, which is thereby height- 
ened, is filled with brass or copper filings, 
and the bulb of the thermometer immersed 
in these down to the bottom. The lamp is 
placed under the centre of the plate. 

/. Substances which suffer no alteration 
at a red heat , such as sulphate of baryta, 
pearlash, &c., are very readily freed from 
moisture. They need simply be heated in 
a platinum or porcelain crucible over a gas 
or spirit-lamp until the desired end is 
attained. The crucible, having first been 
allowed to cool a little, is put, still hot, in 
a desiccator, and finally weighed when 

III. General Procedure in Quan- 
titative Analysis. 

§32. 

It is important, in the first place, to 
observe that we embrace in the following 
general analytical method only the sepa- 
ration and determination of the metals and 
their combinations with the metalloids, Fig. 42. 

and of the inorganic acids and salts. With 

respect to other compounds, it is not easy to lay down a universally 
applicable method, except that their constituents usually require to 
be converted first into acids or bases, before their separation and 
estimation can be attempted ; this is the case, for instance, with tho 
sulphide of phosphorus, chloride of sulphur, chloride of iodine, sulphide 
of nitrogen, <kc. 

The quantitative analysis of a substance presupposes an accurate 
knowledge of its properties, and of the nature of its constituents. 
These data will enable the operator at once to decide whether the direct 
estimation of each constituent is necessary ; whether he need operate 
only on one portion of the substance, or whether it would be ad 
vantageous to determine each constituent in different portions. Let 
us suppose, for instance, wo have a mixture of chloride of sodium and 
anhydrous sulphate of soda, and wish to ascertain the proportion in 




OPERATIONS. 


5£ 


[§ 33 . 


which those two substances are mixed. Here it would besuperfluous 
to determine each constituent directly, since the determination either 
of the quantity of the chlorine, or of the sulphuric acid, is quite 
sufficient to answer the purpose ; still the estimation of both the 
chlorine and the sulphuric acid will afford us an infallible control for 
the correctness of our analysis ; since the united weights of these two 
substances, added to the sodium and soda respectively equivalent to 
them, must be equal to the weight of the substance taken. 

These estimations may be made, either in one and the same portion 
of the mixture, by first precipitating the sulphuric acid with nitrate 
of baryta, and subsequently the hydrochloric acid from the filtrate with 
nitrate of silver ; or a separate portion of the mixture may be appro- 
priated to each of these two operations. Unless there is some objection 
to its use (e.g., deficiency or heterogeneousness of substance), the 
latter method is more convenient and generally yields more accurate 
results ; since, in the former method, the unavoidable washing of the 
first precipitate swells the amount of liquid so considerably that the 
analysis is thereby delayed, and loss of substance less easily guarded 
against. 

Before beginning all analyses, at least those of a more complex 
nature, the student should write out an exact plan, and accurately note 
on paper, during the entire process, everything that he does. It is in 
the highest degree unwise to rely on the memory in a Complicated 
analysis. When students, who imagine they can do so, come, a week 
or a fortnight after they have begun their analysis, to work out the 
results, they find generally too late that they have forgotten much, 
which now appears to them of importance to know. The intelligent 
pursuit of chemical analysis consists in the projecting and accurate 
testing of the plan ; acuteness and the power of passing in review all the 
influential chemical relations must here support each other. He who 
works without a thoroughly thought-out plan, has no right to say he is 
practising chemistry ; for a mere unthinking stringing together of a 
series of filtrations, evaporations, ignitions, and weighings, howsoever 
well these several operations may be performed, is not Shemistry. 

We will now proceed to describe the various operations constituting 
the process of quantitative analysis. 

§ 33- 

I. Weighing the Substance. 

The amount of matter required for the quantitative analysis of a 
substance depends upon the nature of its constituents ; it is, therefore, 
impossible to lay down rules for guidance on this point. Half a 
gramme of chloride of sodium, and even less, is sufficient to effect the 
estimation of the chlorine. For the quantitative analysis of a mixture 
of common salt and anhydrous sulphate of soda, i gramme will suffice ; 
whereas, in the case of ashes of plants, complex * minerals, &c., 3 or 4 
grammes, and even more, are required. 1 to 3 grm. can therefore be 
indicated as the average quantity suitable in most cases. For the 
estimation of constituents present in very minute proportions only, as, 
for instance, alkalies in limestones, phosphorus or sulphur in cast-iron, 
&c., much greater quantities are often required —10, 20, 50, 100, or 
200 grammes, 
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The greater the amount of substance taken the more accurate will 
be the analysis; the smaller the quantity, the sooner as a rule will 
the analysis be finished. We would advise the student to endeavour 
to combine accuracy with economy of time. The less substance he 
takes to operate upon, the more carefully he ought to weigh; the 
larger the amount of substance, the less harm can result from slight 
inaccuracies in weighing. Somewhat large quantities of substance are 
generally weighed to i * milligramme ; minute quantities, to milli- 
gramme. 

If one portion of a substance is to be weighed off, we first weigh 
two watch-glasses which fit on each other, or a platinum crucible with 
lid, then we put some substance in, and weigh again ; the 
difference between the two weighings gives the weight of 
the substance taken. This mode of weighing off, however, 
is only to be recommended if the substance is to be further 
treated in the watch-glasses or crucible, if it is not of a 
nature to adhere, or if adherent particles may be rinsed 
away with water. If the substance is to be treated in a 
flask or beaker with a concentrated solvent, it is better to 
weigh off in a small glass tube sealed at one end. In this 
case the operator should know the approximate weight of 
the tube. When the tube has been filled with the sub- 
stance, it is weighed exactly, nearly the whole quantity or 
a suitable portion is then shaken out into the flask or beaker, 
the tube is weighed again and the loss of weight shows the 
amount of substance taken. For hygroscopic substances the 
tube should be closed; the arrangement represented in lg ' 43 ‘ 

fig. 43 will generally answer the purpose. 

If several quantities of a substance are to be operated upon, the best 
way is to weigh off the several portions successively; which may be 
accomplished most readily by weighing in a glass tube the whole 
amount of substance, and then shaking out of the tube the quantities 
required one after another into appropriate vessels, weighing the tube 
after each time. The work may often also be materially lightened, by 
weighing off a large portion of the substance, dissolving this to |, \ or 
i litre, and taking out for the several estimations aliquot parts, with 
the 50 or 100 c.c. pipette. The first and most essential condition of 
this proceeding, of course, is that the pipettes must accurately correspond 
with the measuring flasks (§§ 18 and 20). 

§ 34 * 

2. Estimation of Water. 

If the substance to be examined — after having been freed from 
moisture by a suitable drying process (§§ 26 to 32) — contains water, it 
is usual to’ begin by determining the amount of this water. This opera- 
tion is generally simple; in^som^ instances, however, it has its diffi- 
culties. This depends upon various circumstances — viz., whether the 
compounds yield their water readily or not ; whether they can bear a 
red heat without suffering decomposition ; or whether, on the con- 
trary, they give off other volatile substances, besides water, even at a 
lower temperature. 
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The correct knowledge of the constitution of a compound depends 
frequently upon the accurate estimation of the water contained in it ; 
in many cases — for instance, in the analysis of the salts of known 
acids — the estimation of the water alone is sufficient to fix the formula. 
Th estimation of water is, therefore, one of the most important, as well 
as most frequently occurring operations of quantitative analysis. It 
may be effected in two ways— viz., a, from the loss of weight consequent 
npon the expulsion of the water ; b, by weighing the amount of water 
expelled. 

§ 35 - 

a . Estimation of Water from the Loss of Weight. 

This method, on account of its simplicity, is most frequently 
employed. The mode of proceeding depends upon the nature of the 
substance. 

a. The substance bears ignition without losing other constituents besides 
vxiter , and without absorbing oxygen. — The substance is weighed in a 
platinum or porcelain crucible, and placed over the gas or spirit-lamp ; 
the heat should be very gentle at first, and gradually increased. When 
the crucible has been maintained some time at a red heat, it is allowed 
to cool a little, put still warm under the desiccator, and finally weighed 
when cold. The ignition is then repeated, and the weight again 
ascertained. If no further diminution of weight has taken place, the 
process is at an end, the desired object being fully attained. But if the 
weight is less than after the first heating, the operation must be re- 
peated until the weight remains constant. 

In the case of silicates the heat must be raised to a very high degree, 
since many of them (e.g. talc, steatite, nephrite), only begin at a red 
heat to give off water, and require a yellow heat for the complete 
expulsion of that constituent (Th. Scheerer).* Such bodies are there- 
fore ignited over the bellows blowpipe. If any coloration of the flame 
is observed, this indicates volatilization of alkalies. 

In the case of substances that have a tendency to intumesce, or 
spirt, a small flask or retort may sometimes be advantageously substi- 
tuted for the crucible. Caro must be taken to remove the last traces 
of aqueous vapor from the vessel, by suction through a glass tube. 

Decrepitating salts (chloride of sodium, for instance) are put — finely 
pulverized, if possible — in a small covered platinum crucible, which is 
then placed in a large one, also covered ; the whole is weighed, then 
heated, gently at first for some time, then more strongly ; finally, after 
cooling, weighed again. 

0 . The substance loses on ignition other constituents besides water , 

( boracic acid t sulphuric acid, fluoride of silicon, <&c.) — Here the analyst has 
to consider, in the first place, whether the water may not be expelled at 
a lower degree of heat, which does not involve the loss of other consti- 
tuents. If this may be done, the substance is heated either in the 
water-bath or where a higher temperature is required, in the air, or 
oil-bath, the temperature being regulated by the thermometer. The 
expulsion of the water may be promoted by a current of air (compare 
§§29 and 30) ; or by the addition of pure dry sand to the substance, to 

* Jahreaber. von Liebig u. Kopp, 1851, 610. 
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keep it porous.* The process must Toe continued under these circum- 
stances also, until the weight remains constant. 

In cases where, for some reason or other, such gentle heating is 
insufficient, the analyst has to consider whether the desired end may 
not be attained at a red heat, by adding some substance that will 
retain the volatile constituent whose loss is apprehended. Thus, for 
instance, the crystallized sulphate of alumina loses at a red heat, besides 
water, also sulphuric acid ; now, the loss of the latter constituent may 
be guarded against, by adding to the sulphate an excess (about six 
times the quantity) of finely pulverized, recently ignited, pure oxide of 
lead. But the addition of this substance will not prevent the escape of 
jluoride of silicon from silicates when exposed to a red heat (LiSTt). 
Thus again, the amount of water in commercial iodine may be deter- 
mined by triturating it with eight times the quantity of mercury, and 
drying the mixture at ioo° (Bolley|). Bor the estimation of water in 
compounds containing silicon and fluorine, magnesia is added to the 
substance. For this purpose calcined magnesia in amount about twice 
that of the substance is ignited in a platinum crucible, then weighed, 
and stirred with warm water to a thick paste, the weighed substance is 
added and mixed up with a platinum wire of known weight, more water 
is added if necessary, and lastly, the mixture is cautiously dried and 
ignited. The loss of weight is equal to the water contained in the 
substance, for the products of the decomposition, fluoride of magnesium, 
silicic acid, and metallic oxide, weigh the same as the anhydrous 
substance and the magnesia. If the separated metallic oxide takes up 
oxygen by ignition in the air (such as protoxide of iron ) a correction 
will of course be necessary (F. Stolba§). 

y. The substance contains several differently combinedquantities of water, 
which require different degrees of temperature for expulsion. — Substances 
of this nature are heated first in the water-bath, until their weight 
remains constant ; they are then exposed in the oil- or air-bath to 150, 
200, or 250°, &c., and finally, when practicable, ignited over a gas- or 
spirit-lamp. In such experiments I prefer the apparatus, fig. 38. The 
bulb-tube may be replaced by a tube of uniform width, in which slides 
a little porcelain boat for the reception of the substance. In order to 
prevent the dehydrated substance attracting water while on the balance 
the boat is always weighed in a corked glass tube. In this manner 
differently combined quantities of water may be distinguished, and 
correctly estimated. Thus, for instance, crystallized sulphate of copper 
contains 28*87 per cent, of water, which escapes at a temperature below 
140°, and 7*22 per cent., which escapes only at a temperature between 
220 0 and 260°. It is often advisable to assist the action of heat by 
rarefaction of the air. Thus sulphate of magnesia, when dried in vacuo , 
over sulphuric acid at ioo°, loses 5 eq. water ; dried in the air at 13 2°, 
it loses the sixth, and at a moderate red heat, the seventh equivalent 
of water. 

6. When the substance has a tendency to absorb oxygen (from the pre- 
sence of protoxide of iron, for instance) the water is better determined 
in the direct way, than by the loss (§ 36). 

* Ann. d. Chem. u. Pharm. 53, 233. t lb. 81, 189. 

X Dinoler’b Polyt. Journ. 126, 39, § Zeitschr. f, anal. Chem. 7, 93. 
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§* 3 6 - 

b . Estimation of Water by Direct Weighing. 

This method is resorted to by way of control, or in the case of sub 
stances which, upon ignition, lose, besides water, other constituents, 
which cannot be retained even by the addition of some other substance 
(e.g., carbonic acid, oxygen), or in the case of substances containing 
bodies inclined to oxidation (e.g., protoxide of iron). The principle of 
the method is to expel the water by the application of a red heat, so as 
to admit of the condensation of the aqueous vapour, and the collection 
of the condensed water in an appropriate apparatus, partly physically, 
partly by the agency of some hygroscopic substance. The increase in 
the weight of this apparatus represents the quantity of the water 
expelled. 

The operation may be conducted in various ways; tho following, 
however, is one of the most appropriate : — 



Fig. 44. 


B represents a gasometer filled with air ; 6 a flask half filled with 
concentrated sulphuric acid ; c and a 0 are chloride of calcium tubes ; 
d is a bulb-tube. The substance is weighed in the perfectly dry tube d, 
which is then connected with c and the weighed chloride of calcium 
tube a*o,“ by means of sound and well-dried perforated corks. The 
operation is commenced by opening the stop-cock e a little, to allow the 
air, which loses all its moisture in b and c, to pass slowly through d ; 
the tube d is then heated to beyond the boiling-point of water, by 
holding a lamp towards /, taking care not to burn the cork ; and finally, 
the bulb which contains the substance is exposed to a low red heat, the 
temperature at /being maintained all the while at the point indicated. 
When the expulsion of the water has been accomplished, a slow current 
of air is still kept up till the bulb-tube is cold ; the apparatus is then 
disconnected, and the chloride of calcium tube a 0, weighed. The 
increase in the weight of this tube represents the quantity of water 
present in the substance. The empty bulb a, in which the greater por- 
tion of the water collects, is intended not only to prevent the liquefac- 
tion of the chloride of calcium, but enables the analyst also to. test the 
condensed water as to its reaction and purity. 

The apparatus may, of course, be modified in various ways ; thus, 
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the chloride of calcium tubes may be U-shaped ; a U-tube, filled with 
pieces of pumice-stone saturated with sulphuric acid, may be substi- 
tuted for the flask with sulphuric acid ; and the gasometer may be 
replaced by an aspirator (fig. 34) joined to 0. The tube c may not be 
omitted, for I have found* that air after being dried by sulphuric acid, 
takes up moisture from chloride of calcium. If c were omitted, the air 
escaping at 0 would be slightly moister than the air entering the bulb- 
tube, and consequently a little water would be lost. 

The expulsion of the aqueous vapor from the tube containing the 
substance, may be effected also by other means than a current of 'air 
supplied by a gasometer, aspirator, or hydraulic air-pump ; viz., the 
substance may be ignited in a dry tube, with carbonate of lead, since 
the carbonic acid of the latter, escaping at a red heat, serves here the 
same purpose as a stream of air. This method is principally applied 
in cases where it is desirable to retain an acid which otherwise would 
volatilize with the water ; thus, it is applied, for instance, for the direct 
estimation of the water in bisulphate of potassa, &c. 



Fig. 45- 


Fig. 45 represents the disposition of the apparatus. 

ab is a common combustion furnace ; cf a tube filled as follows : — 
from c to d with carbonate of lead,t from cl to e the substance intimately 
mixed with carbonate of lead, and from e to / pure carbonate of lead. 
The chloride of calcium tube g, being accurately weighed, is connected 
by means of a well-dried perforated cork, f. The operation is com- 
menced by surrounding the tube with red-hot charcoal, advancing from 
f towards c ; the fore part of the tube which protrudes from the fur- 
nace should be maintained at a degree of heat which barely permits the 
operator to lay hold of it with his fingers. All further particulars of 
this operation will be found under Organic Analysis. The mixing is 
performed best in the tube with a wire. The tube cf may be short and 
moderately narrow. The charcoal furnace, may, of course, be replaced 
by a gas furnace. 

The volatilization of an acid cannot in all cases be prevented by 
oxide of lead ; thus, for instance, we could not determine the water in 
crystallized boracic acid by the above process. This could readily be 
done, however, by igniting the acid mixed with excess of dry carbonate 
of soda in a glass tube drawn out behind like an erect tail, receiving 
the water in a chloride of calcium tube, and sweeping the residual vapor 
into the chloride of calcium, tube by suction, after the point of the tail 
has been broken off. (See Organic Analysis.) 

The foregoing methods for the direct estimation of water do not, 
however, embrace all cases in which the methods described in § 35 
are inapplicable ; since they can be employed, only if the substances 
escaping with the water are -such as will not wholly or partly condense, 
in the chloride of calcium tube (or in a tube filled with potash or 

* Zeitschr. f. anal. Chem. 4, 177*. ' . \ 

+ The carbonate of lead must have been previously ignited to incipient decom- 
position, and cooled in a closed tube. 
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with pumice-stone saturated with sulphuric acid, which might be used 
instead). Thus they are perfectly well adapted for determining the 
water in the basic carbonate of zinc, but they cannot be applied to 
determine the water in sulphate of soda and ammonia. With sub- 
stances like the latter, we must either have recourse to the processes of 
organic analysis, or we must rest satisfied with the indirect estimation 
of the water. 

§ 37 * 

• 3. Solution of Substances. 

Before pursuing the analytical process further, it is in most cases 
necessary to obtain a solution of the substance. This operation is simple 
where the body may be dissolved by direct treatment with water, or 
acids, or alkalies, &c. ; but it is more complicated in cases where the 
body requires fusion as an indispensable preliminary to solution. 

When we have mixed substances to operate upon, the component 
parts of which behave differently with solvents, it is not by any means 
necessary to dissolve the whole substance at first ; on the contrary, the 
separation may, in such cases, be often effected, in the most simple and 
oxpeditious maimer, by the solvents themselves. Thus, for instance, a 
mixture of nitrate of potassa, carbonate of zinc, and. sulphate of baryta, 
may be readily and accurately analysed by dissolving out, in the first 
place, the nitrate of potassa with water, and subsequently the carbonate 
of zinc by hydrochloric acid, leaving the insoluble sulphate of baryta. 

§ 38 . 

a . Direct Solution. 

The direct solution of substances is effected, according to circum- 
stances, in beakers, flasks or dishes, and may, if necessary, be pro- 
moted by the application of heat; for which purpose the water-bath 
will be found most convenient. In cases where an open fire, sand-bath, 
iron-plate or gauze-plate is resorted to, the analyst must take care to 
guard against actual ebullition of the fluid, since this would render a 
loss of substance from spirting almost unavoidable, especially when the 
process is conducted in a dish. Fluids containing a sediment, either 
insoluble, or, at least, not yet dissolved, will, when heated over the 
lamp, often bump and spirt even at temperatures far short of the boil- 
ing-point. 

In cases where the solution of a substance is attended with evolu- 
tion of gas, the process is conducted in a flask, plaoed in a sloping 
position, so t hat ji^jp irting drops may be thrown against the walls of 
the vessel, rfi^HS^cured from being carried off with the stream of 
the evolved g8|pr it may be conducted in a beaker, covered with a 
large watch-glass; which, after the solution is effected, and the gas 
expelled by gentle heating, must be thoroughly rinsed with the washing 
bottle. 

In cases where the solution has to be effected by means of con- 
centrated volatile acids (hydrochloric acid, nitric acid, aqua regia), the 
operation should never be conducted in a dish, but always in a flask 
covered with a watch-glass, or placed in a slanting position, and the 
application of too high a temperature must be avoided. The operation 
should always be conducted also under a hood, with proper draught, to 
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carry off the escaping acid vapors. No arrangements for carrying off 
fumes can be recommended in which the flasks are closed by corks or 
india-rubber stoppers, as the latter are attacked by acids and the 
solutions may be contaminated by organic substances, sulphuric acid 
(from the sulphur of the india-rubber) and other matters. It is often 
necessary, in conducting a process of solution, to guard against the 
action of the atmospheric oxygen; in such cases, a slow stream of 
carbonic acid is transmitted through the flask; in some cases it is 
sufficient to expel the air, by simply putting a little bicarbonate of soda 
into the flask, containing an excess of acid, before introducing the 
substance. 

In selecting vessels for use in this operation, it must be remembered 
that their substance is liable to be attacked by the solvent. As a 
general rule we may say that glass is slightly acted on by acids, and 
strongly by alkalies. Comp. § 41. 

§ 39 * 

b . Solution, preceded by Fusion. 

Substances insoluble in water, acids, or aqueous alkalies, usually 
require decomposition by fusion, to prepare them for analysis Sub- 
stances of this kind are often met with in the mineral kingdom ; most 
silicates, the sulphates of the alkaline earths, chrome ironstone, &c., 
belong to this class. 

The object and general features of the process of fusion have already 
been treated of in the Qualitative Analysis. The special methods of 
conducting this important operation will be described under The 
Analysis of Silicates, and in the proper places; as a satisfactory de- 
scription of tile process, with its various modifications, cannot well be 
given without entering more minutely into the particular circumstances 
of the several special cases. 

Decomposition by fusion often requires a higher temperature than 
is attainable with a spirit-lamp with double draught, or with a common 
gas-lamp. In such cases, the glass-blower’s lamp, fed with gas, is used 
with advantage. 

§ 4 °- 

4. Conversion of the dissolved Substance into a 

WEIGHABLE FORM. 

The conversion of a substance in a state of solution into a form 
adapted for weighing may be effected either by evaporation or by 
precipitation. 

The former of these operations is applicable only in cases where the 
substance, the weight of which we are desirous to ascertain, either 
exists already in the form suitable for the determination of its weight, 
or may be converted into such form by evaporation in conjunction with 
some reagent. The solution must, moreover, contain the substance 
unmixedj or, at least, mixed only with such bodies as are expelled by 
evaporation or ignition. Thus, for instance, the amount of sulphate of 
soda present in an aqueous solution of that substance may be ascertained 
by simple evaporation ; whilst the carbonate of potassa contained in a 
solution had always better be converted into chloride of potassium, by 
evaporating with solution of chloride of ammonium. 
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Precipitation may always be resorted to, whenever the substance in 
solution admits of being converted into a combination which is insoluble 
in the menstruum present, provided that the precipitate is fit for 
determination, which can never be the case unless it can be washed and 
is of constant composition after drying or ignition. 

§ 4i- 

a . Evaporation. 

In processes of evaporation for pharmaceutical or technico-chemical 
purposes the principal object to be considered is saving of time and 
fuel ; but jj&gvaporating processes in quan- 
titative amSysis this is merely a subordinate 
point, and the analyst has to direct his prin- 
cipal care and attention to the means of 
guarding, against loss or contamination of 
the substance operated upon. 

The simplest case of evaporation? is when 
we have to concentrate the clear fluid; without 
carrying the process to dryness. To eflfoet this 
object, the fluid is poured . into a basin, 
which should not be filled more than two- 
thirds. Heat is then applied by placing 
the basin either on a Water-bath, sand- 
bath, common stove, or heated iron plate, 
or over the flame of a gas- or spirit-lamp, 
care being taken always to guard against 
actual ebullition, as this invariably and un- 
Fig. 46. avoidably leads to loss from small drops of 

fluid spirting out. Evaporating over a gas- 
or spirit-lamp, when conducted with proper care, is an expeditious and 
cleanly process., Bunsen’s gas-lamp (fig 46), which has luiready been 

described in the 
Qualitative Ana- 
lysis, mcay be used 
most/ ;itfdyantage- 
ouslytm Operations 
of this "kind ; a 
little wire-gauze 
cap, loosely fitted 
uppfr^he tube of 
thd jhmp, is a ma- 
terial improve- 
ment. By means 
of this simple ar- 
rangement it is 
easy to produce 
even the smallest 
flame, without the 
least apprehension 
of ignition of the 
gas within the 
tube. 




Fig. 47- 
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The lamp (fig. 47) lately introduced by the Brothers Maste, I can 
very highly recommend both for evaporation and ignition. It has a 
burner like that of Berzelius’s spirit-lamp, and gives a small or a very 
powerful flame equally 

water-bath, and the Fig. 48. 1 

operator happens to 

possess a Beindorp, or other similarly-constructed steam apparatus, 
the evaporating-dish may be placed simply on an opening corre- 
sponding in size. Otherwise recourse must be 
had to the water-bath, fig. 49. It is made of a ^ 
strong sheet copper, and when used is half filled ’ 

with water, #hich is kept boiling over a gas- or l|g j 
spirit-lamp. iThe breadth from a to 6 should be 
from 12 to c lo em. Various flat rings of the same 
outside diameter as the top of the bath, and Fig. 49. 

adapted to receive dishes and crucibles of dif- 
ferent siztss, are essential adjuncts to the bath. These rings when 
required arejimply laid on the bath. 

It wi||pf(fbionally happen that the water in the bath completely 
evaporated without the operator being aware of it; this is a groat 
inconvenience, as it will often occur, in such cases, that residues are 
heated to a higher degree than desirable ; that concentrated solutions 
spirt, &c. L fiierefore employ in my own laboratory, a water-bath 
with constants Ifevel (see fig. 50). The apparatus consists of a zinc 
vessel, a b c cm. high, 12 cm. in diameter; this is connected 
with the water-bath, g y by means of india-rubber, e, and a copper tube, 
/• A bottle, hihly made of sheet zinc, and filled with water, is inverted 
^ tot > e vessel abed; the cylindrical part of the bottle is 17 cm. high, 
the diameter of the neck 3 cm. ; the true orifice of the bottle, which is 
15 mm. wide, is at the beginning of the neck ; in the inverted position 
this orifice is closed by the valve, m. Upon inverting the bottle into 
a d, the wire n, striking upon the bottom of the vessel, opens the 
V frn* By raising or lowering the pillar-support 0, it is easy to 
establish any desired level in g, which will remain unaltered so long a& 



Fig. 5 °* 

A simple arrangement for extinguishing the flame when the water 
is dried up is described by K. Reuss,* and Bunsen’s construction for 
constant water-baths is described by W. H. WAHL.f 

If the operator can conduct his processes of evaporation in a room set 
apart for the purpose, where he may easily guard against any occurrence 
tending to suspend dust in the air, he will find it no very difficult task to 
keep the evaporating fluid clean ; in this case it is best to leave the 
dishes uncovered.}: But in a large laboratory, where several are work- 
ing, or in a room exposed to draughts of air, or in which coal fires are 
burning, the greatest caution is required to protect the evaporating 
fluid from contamination by dust or ashes. For this purpose the 
evaporating dish is either covered with a sheet of filtering paper, or a 
glass rod twigged into a triangular shape (fig. 51) is laid upon it, and 

* Zeitschr. f. anal Chem. 9, 336. + Ibid, 10, 88. 

t In my own laboratory, evaporating processes in quantitative researches are 
conducted in separate closets. The floor and roof of these closets should be con- 
structed of slabs of sandstone, and the walls of brick, lined with glazed tiles or 
plaster of Paris. At the topmost part of the back wall is a horizontal channel 01 
sufficient width, which at a short distance opens in a separate Russian chimney 
No fire must ever be made under this chimney ; but it is most desirable to have it 
placed quite close to another chimney, which is kept constantly warm by a n re 
(that of the steam apparatus, for instance). The front wall of the evaporating 
closet is formed of sandstone pillars eighteen decimetres high, in which are fitted 
eliding windows with wooden frames. 
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a sheet of filtering-paper placed over it, which is kept in position by a 
glass rod laid across, the Litter again being kept from rolling down by 
the slightly turned up ends, 
a and b , of the triangle. 

The best way, however, is 
the following: — Take two 
thin wooden hoops (fig. 52), 
one of which fits loosely in Fig. 51. Fig. 52. 

the other ; place a sheet of 

blotting-paper on the smaller one, and push the other over it. This 
forms a cover admirably adapted to the purpose ; and whilst in no 
way interfering with the operation, it completely protects the fluid from 
dust, and may be readily taken off; the paper cannot dip into the 
fluid; the cover lasts a long time, and may, moreover, at any time be 
easily renewed. 

It must be borne in mind, however, that the common filtering-paper 
contains always certain substances soluble in acids, such as lime, sosqui- 
oxido of iron, &c., which, were covers of the kind just described used 
over evaporating dishes containing a fluid evolving acid vapors, would 
infallibly dissolve in these vapors, and the solution dripping down into 
the evaporating fluid, would speedily contaminate it. Care must bo 
taken, therefore, in such cases, to use only such filtoring-paper as has 
been freed by washing from substances soluble in acids. 

Evaporation for the purpose of concentration may be effected also 
in flasks ; these are only half filled, and placed in a slanting position. 
The process may be conducted on the sand-bath, or over a gas- or 
spirit-lamp, or even, and with equal propriety, over a fire. Where the 
operation is conducted over a lamp or a charcoal fire, it is the safest 
way to place the flasks on wire gauzo. Gentle ebullition of the fluid 
cau do no harm here, since the slanting position of the flask guards 
effectively against risk of loss from the spirting of the liquid. Still 
bettor than in flasks the object may be attained by evaporating in 
tubulated retorts with open tubulure and 
neck directed obliquely upwards. The latter 
acts as a chimney, and the constant change 
of air thus effected is extremely favorable to 
evaporation. 

The evaporation of fluids containing a pre- 
cipitate is best conducted on the water-bath ; 
since on the sand-bath, or over the lamp, it 
is next to impossible to guard againt loss 
from bumping. This bumping is occasioned 
by slight explosions of steam, arising from the 
sediment impeding the uniform diffusion of 
the heat. Still there remains another, though 
less safe way, viz., to conduct the evaporation 
* n a crucible placed in a slanting position, as 
illustrated in fig, 53, In this process, the 
flame is made to play upon the crucible above 
the level of the fluid. 
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the water-bath, the object in view may often be most readily attained 
by heating the contents of the dish from the top, which is effected by 
placing the dish in a proper position in a drying closet, whose upper 
plate is heated by a flame (that of the water- or sand-bath) passing over 
it. If the substance is in a covered platinum dish or crucible, place 
the gas-lamp in such a position that the flame may act on the cover 
from above. * 

In case$ where the heat has to be applied from the bottom, a method 
must be chosen which adtnits of an equal diffusion and ready regulation 
of the heat. An air-bath is well adapted for this purpose, i.e., a dish 
of sheet iron, in which t)ie porcelain or platinum dish is to be placed 
on a wire triangle, so that the two vessels* may be at all points | to | 
inch distant from each other. The copper apparatus, fig. 49, may also 
serve as an air-bath, although I must not omit to mention that this 
mode of application will in the 3hd seriously injure it. If the operation 
has to be conducted over .a lamp, -the dish should be placed high above 
the flame ; best on wire' gauae, sipce this will 1 greatly contribute to an 
equal diffusion of the heat*.. The/use of the, sand-bath is objectionable 
here, because with that apparatus we cannot reduce the heat so speedily 
as may be desirable. An irdp - plate, • or gauze plate, heated by gas 
may perhaps be used \vith advanta^A . But no matter which method 
be employed, this rule •applies equally 'to all of, them; that the operator 
must watch the process, : from th$.. moment that the residue begins to 
thicken, in order .to prevent spirtifig, ' by^ reduoihg the heat, and break- 
ing the pellicl^'*Svhich forin. oii the suiTape; with . a glass rod, or a 
platinum wire or ipatula; ! V ^ v . ‘ , v 

Saline soltywris tKathave upori'etaporation , to creep up the 

sides of the may thus fj^ijy.paSs over 'the brim of the latter, 

thereby involving the risk of a, Tos^ qf ; -,substaneej,' should be heated from 
the top, in the .way 'Just indicated p since *by that means the sides of 
the vessel will get heated' sufficiently to* cause the instantaneous evapora- 
tion of the ascendihg liquid, preventing thus its- overflowing the brim. 
The inconvenience"ju§t alluded' to may, however, be obviated also, in 
most cases, by covering the brim, and the uppermost part of the inner 
side of the vessel, with a very "thin coat , of tallow, thus diminishing the 
adhesion between the fliiid and the yessel. 

In the case of liquids evolving gas bubbles upon evaporating , particular 
caution is required to guard, against loss from spirting. The safest way 
is to heat such liquids in* an /'obliquely-placed flask, or in a beaker 
covered with a/ large watch-glass ; the latter is removed as soon as the 
evolution of gas bdbbles has ceased, and carefully rinsed into the glass, 
by means of a washing-bottle.' If the evaporation has to be conducted 
in a dish. capacious one shquld be selected, and a very moderate 

degree of heAtj*0iiwL‘aj} first, and until the evolution of gas has nearly 
ceased. ’ ' ♦' ft?; . .. , 

If the fluid hw to ; J^ Evaporated* wifA exclusion of air f the best way is 
to place the dish. ‘under the bell of an air-pud^p, over a vessel with sul- 
phuric acid/ftnd to exhaust ; or a tubulated retort may be used, through 
whose tflbulijre hydrogen or carbonic acid is passed by the aid of a tube 
not quite reaching to the surface of the fluid. 

The material of tlie evaporating vessels may exercise a much greater 
influence on the results of an analysis than is generally believed. Many 
rather startling phenomena that are observed in analytical processes may 



EVAPORATION. 


65 


§42.] 


arise simply from contamination by the material of the vessel ; great 
errors may also spring from the same source.* . . 

The importance of this point induced me some time ago to subject it 
to a careful investigation (see Appendix, Experiments, 1—4) and more 
recently A. EMMERLiNot has still more thoroughly examined the matter, 
and arrived at results which substantially agree with mine. 

Distilled water kept boiling for some length of time in glass (flasks 
of Bohemian glass) dissolves very appreciable traces of that material 
This is owing to the formation of soluble silicates ; the particles dissolved 
consist chiefly of potassa, or soda and lime, in combination with silicic 
acid A much larger proportion of the glass is dissolved by water con- 
taining caustic or carbonated alkali; boiling solution of chloride of 
ammonium also strongly' attacks glass vessels. This is especially the 
case with new flasks; flasks in which chloride of ammonium had been 
boiled for some time lost far > less on .boiling with fresh chloride of 
ammonium than on boding with water. Boiling, dilute acids, with the 
exception, of course, of hydrofluoric and hydrpfluosilicic acids excercise 
a less powerful solvent action than pure water, P orceMn (Berhn dishes) 
is much less affected by than v glass; alkaline, liquids also exercise 
a much less powerful solvent action on .porcelain than on glass; the 
quantity dissolved is, however, still notable/ Solution of chloride ot 
ammonium acts on 'porcelain as strongly as On glass; dilute acids, 
though exercising’no very powerful action on porcelain, yet attack 1 1a 
material more strongly thap glass. : It results fropi these data, that 111 
analyses pretending’, to a high' degree of accuracy, platinum or silver 
dishes should always^? preferred. The former may be, used l in all cases 
where no free chlorine, ‘brpmine; or iodine is prpsenfe in the fluid, or can 
be formed during evaporation, ■ EJujdscontainmg cwt 1 ? .alkalies may 
safely he evaporated in* platinum, DUt.not to the point t>i fusion of the 
residue. Silver vessel# should never be used to evaporate* acid fluids 1 01 
liquids containing alkaline sulphides j ! but they ^admirably suited 
for solutions of caustic and carbonated alkalies, . Wheye^ the use 0 
porcelain or glass cannot be. avoided, as in tbe. evaporation of rge 
amounts of fluid, porcelain generally deserves the preference ; glass 
vessels should never be used in accurate analyses for alkaline fluids. 


§ 42 - 

We come now to weighing the residm remainiTig upon tU evaporation 
of fluids. We allude here simply to sUcb as are soluble in water ; those 
which are separated by filtration will be treated; of afterwards. Kesi ues 
are generally Weighed in tHe-sany^ vessel iff which <t he .evaporation has 
been completed, for which purpose. platinum dishes, ^ cm. m 

diameter, provided with light covers, $r d^rge .platiffujh orutables, are 
best adapted, since they are lighterman porp^n yqssels ot t e same 
capacity. '■ ’ ' /" ;*‘*'\* . , , . , 

However, in most cases, the amount of liquid to, be evaporated is oq 
large for so small a vessel, and its evaporation in portions, would occupy 
too much time. The best way, in cases of this kind, is t^ concentra e 
the liquid first in a larger vessel, and to terminate the operation alter' 


* Comp. A Souchay, Zeitschr. f. anal. Chejn. I €6. 
t Ann. d. Chem. u. Pharm. 150, A57 5 al 00 Zeitsohr. f. anal. Cliem. o, 434 * 
QUANT. VOL. I. F 
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wards in the smaller weighing vessel. In transferring the fluid from 
the larger to the smaller vessel, the lip of the former is slightly greased, 
and the liquid made to run down a glass rod (fig. 54). Finally the 
large vessel is carefully rinsed with a washing-bottle, 
until a drop of the last rinsing leaves no residue upon 
evaporation on a platinum knife. When the fluid 
has thus been transferred to the weighing vessel, the 
evaporation is completed on the water-bath, and 
the residuary substance either ignited or dried. If 
it is to be ignited the dish is covered with a lid of thin 
platinum (or a thin glass plate), and then placed high 
over the flame of a lamp, and heated very gontly 
until all the water which may still adhere to the 
substance is expelled ; the dish is now exposed to a 
stronger, and finally to a red-heat. (Where a glass 
plate is used, this must, of course, be removed before igniting.) It is 
well to make the flame play obliquely on the cover from above, so as 
to run as little risk as possible of loss by spirting. After cooling m a 
desiccator, the covered dish is weighed with its contents. When 
operating upon substances which decrepitate, such as chloride of 
sodium, for instance, it is advisable to expose them— after their removal 
from the water-batli, and previously to the application of a naked 
flame — to a temperature somewhat above ioo°, either in the air-bath, 
or on a sand-bath, or on a common stove. 

If the residue does not admit of ignition , as is the case, for instance, 
with organic substances, ammoniacal salts, &c., it is dried at a tempera- 
ture suited to its nature. In many cases, the temperature of the water- 
bath is sufficiently high for this purpose, for the drying of chloride of 
ammonium for instance ; in others, the air- or oil-bath must be resortet. 
to (see §§ 29 and 30). Under any circumstances, the drying must be 
continued until the substance ceases to suffer the slightest diminution 
in weight, after renewed exposure to heat for half an hour. The dish 
should invariably be covered during the process of weighing. 

As saline residues left on evaporation when ignited or dried often 
have a tendency to attract moisture, the first weighing, which always 
takes some length of time, frequently gives too high a result. It is 
well therefore, after this, to heat again, allow to cool m the desiccator, 
then place the first found weights on the balance, and afterwards the 
dish • in which way the time spent in the actual weighing will be 
reduced to a minimum and the dish will not be needlessly exposed to 

the atmosphere. _ 

If as will frequently happen, we have to deal with a fluid con- 
taining a small quantity of a salt of potassa or soda, the weight of 
which to ascertail b m presence of a comparatively . large 

amount "Qf^put of ammonia, which has been mixed with it in the 
course of tHe 'analytical process, I prefer the Mowing method The 
saline mass is thoroughly dried, in a large dish, on the water-bath, or, 
towards the end of the process, at a temperature somewhat exceedin 0 
ioo° The dry mass is then, with the aid of a platinum spatula, 
transferred to a small glass dish, which is put aside for a time m a 
desiccator. The last traces of the salt left adhering to the large disn 
are rinsed off with a little water into the small dish, or the large 
crucible, in which it is intended to weigh the salt ; the water is then 
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evaporated, and the dry contents of the glass dish are added to the 
residue: the ammonia salts are now expelled by ignition, and the 
residuary fixed salts finally weighed. Should some traces of the saline 
mass adhere to the glass dish, they ought to be removed and transferred 
to the weighing vessel, with the aid of a little powdered chloride of 
ammonium, or some other salt of ammonia, as the moistening again 
with water would involve an almost certain loss of substance. 


§ 43 * 

b . Precipitation. 

Precipitation is resorted to in quantitative analysis far more 
frequently than evaporation, since it serves not merely to convert 
substances into forms adapted for weighing, but also, and more 
especially, to separate them from one another. The principal intention 
in precipitation is to convert the substance in solution into a form in 
which it is insoluble in the menstruum present. The result will, 
therefore, cateris 'paribus , be the more accurate, the more the pre- 
cipitated body deserves the epithet insoluble, and in cases where pre- 
cipitates are of the same degree of solubility, that one will suffer the 
least loss, which comes in contact with the smallest amount of solvent. 

Hence it follows, First, that in all cases where other circumstances 
; do not interfere, it is preferable to precipitate substances in their most 
; insoluble form ; thus, for instance, baryta had better be precipitated as 
j sulphate than as carbonate. Secondly, that when we have to deal with 
I precipitates that are not quite insoluble in the menstruum present, we 
| must endeavour to remove that menstruum, as far as practicable, by 
| evaporation ; thus a dilute solution of strontia should be concentrated, 
ibefore proceeding to precipitate the strontia with sulphuric acid. And, 
j thirdly, that when we have to deal with precipitates slightly soluble in 
| the liquid present, but insoluble in another menstruum, into which the 
(former may be converted by the addition of some substance or other, 

I we ought to endeavour to bring about this modification of the men- 
I struum ; thus, for instance, alcohol may be added to water, to induce 
; complete precipitation of chloride of platinum and ammonium, chloride 
| of lead, sulphate of lime, &c. ; thus again, the basic phosphate of 
! lna gnesia and ammonia may be rendered insoluble in an aqueous men- 
struum by the addition of ammonia. 

Precipitation is generally effected in beakers. In cases, however, 
where we have to precipitate from fluids in a state of ebullition, or 
where the precipitate requires to be kept boiling for some time with the 
fluid, flasks or dishes are substituted for beakers, with due regard 
always to the material of which they are made (see § 41, at the end). 

The separation of precipitates from the fluid in which they are sus- 
pended, is effected either by decantation or filtration, or by both those 
; processes jointly. 

But, before proceeding to the separation of the precipitate by any 
of these methods, the operator must know whether the precipitant has 
cen added in sufficient quantity, and whether the precipitate is com- 
pletely formed. To deter min e the latter point, an accurate knowledge 
V u P ro P er ties of the various precipitates must be attained, which we 
shall endeavour to supply in the third section. To decide the former 
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question, it is usually sufficient to add to the fluid (after the precipitate 
has settled) cautiously a fresh portion of the precipitant, and to note if 
a further turbidity ensues. This test, however, is not infallible, when 
the precipitate has not the property of forming immediately; as, for 
instance, is the case with phospho-molybdate of ammonia. When this 
is apprehended, pour ; gut (or transfer with a pipette) a small quantity 
of the clear supernatant fluid into another vessel, add some of the pre- 
cipitant, warm, if necessary ; and after some time observe whether a 
fresh precipitate lias formed. As a general rule, the precipitated liquid 
should be allowed to stand at rest for several hours, before proceeding to 
the separation of the precipitate. This rule applies more particularly 
to crystalline, pulverulent, and gelatinous precipitates, whilst curdy 
and flocculent precipitates, more particularly when the precipitation 
was effected at a boiling temperature, may often be filtered off im- 
mediately. However, we must observe here, that all general rules, in 
this respect, are of very limited application. 


§ 44 * 

a . Separation of Precipitates by Decantation. 

When a precipitate subsides so completely and speedily in a fluid 
that the latter may be poured off perfectly clear, or drawn off with a 
syphon, or removed by means of a pipette, and that the washing of the 
precipitate does not require a very long time, decantation is often 
resorted to for its separation and washing ; this is the case, for instance, 
with chloride of silver, metallic mercury, &c. 

Decantation will always be found a very expeditious and accurate 
method of separation, if the process be conducted with due care ; it is 
necessary, however, in most cases, to promote the speedy and complete 
subsidence of the precipitate ; and it may be laid down as a general 
rule, that heating the precipitate with the fluid will produce the desired 
effect. Nevertheless, there are instances in which the simple applica- 
tion of heat will not suffice ; in some cases, as with chloride of silver, 
for instance, agitation must be resorted to ; in other cases, some reagent 
or other is to be added— hydrochloric acid, for instance, in the precipi- 
tation of mercury. We shall have occasion, subsequently, in the fourth 
section, to discuss this point more fully, when we shall also mention the 
vessels best adapted for the application of this process to the various 
precipitates. 

After having washed the precipitate repeatedly with fresh quantities 
of the proper fluid, until there is no trace of a dissolved substance to be 
detected in the last rinsings, it is placed in a crucible or dish, if not 
already in a vessel of that description ; the fluid still adhering to it is 
poured off as far es practicable, and the precipitate is then, according to 
its nature either simply dried, or ignited. 

A far larger amount of water being required for washing precipi- 
tates by decantation than on filters, the former process can be expected 
to yield accurate results only where the precipitates are absolutely in- 
soluble. For the same reason, decantation is not ordinarily resorted to 
in cases where we .have to determine other constituents in the decanted 
fluid. 

The decanted fluid must be allowed to stand at rest from twelve to 
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twenty-four hours, to make quite sure that it contains no particles of the 
precipitate ; if, after the lapse of this time, no precipitate is visible, the 
fluid may be thrown away ; but if a precipitate has subsided, this had 
better be estimated by itself, and the weight added to the main amount ; 
the precipitate may, in such cases, be separated from the supernatant 
fluid by decantation, or by filtration. 

/ 3 . Separation of Precipitates by Filtration. 

This operation is resorted to whenever decantation is impracticable, 
and, consequently, in the great majority of cases ; provided always the 
precipitate is of a nature to admit of its b6ing completely freed, by 
mere washing on the filter, from all foreign substances. Where this 
is not the case, more particularly, therefore, with gelatinous precipi- 
tates, hydrate of alumina for instance, a combination of decantation 
and filtration is resorted to (§ 48.) Suction is sometimes employed to 
hasten the process. 

§ 45 - 

aa. Ordirary Filtration. 
aa. Filtering Apparatus. 

Filtration, as a process of quantitative analysis, is almost exclu- 
sively effected by means of paper. 

Plain circular filters are most generally employed ; plaited filters arc 
only occasionally used. Much depends upon the quality of the paper. 
Good filtering paper must possess the three following properties ; first, 
it must completely retain the finest precipitates ; secondly, it must 
filter rapidly ; and thirdly, it must be as free as possible from 
inorganic bodies, but more especially from such as are soluble in acid or 
alkaline fluids. 

It is a matter of some difficulty, however, to procure paper fully 
answering these conditions. The Swedish filtering paper, with the 
watermark J. H. Munktell, is considered the best, and, conse- 
quently fetches the highest price; but even this answers only the 
first two conditions, being by no means sufficiently pure for very 
accurate analyses, since it leaves upon incineration about *3 per cent, 
of ash,* and yields to acids perceptible traces of lime, magnesia, and 
sesquioxide of iron. For exact experiments it is, consequently, 
necessary first to extract the paper with dilute hydrochloric acid, then 
to wash the acid completely out with water, and finally to dry the 
paper. The preparation of such exhausted filters on a large scale is 
described in the Qualitative Analysis. To exhaust a few filters, the best 
way is to place them one within the other in a funnel, as in filtering; 
they are then moistened with a mixture of one part of ordinary pure 
hydrochloric acid with two parts of water, which is allowed to act on 
them for about ten minutes; after this, all traces of the acid are 
carefully removed by washing the filters repeatedly with warm water. 
The funnel being then covered with a piece of paper, turned over the 
edges, is put in a warm place until the filters are dry. Filter-paper 

* Plantamour found the ash of Swedish filtering paper to consist of 63 ’23 
BUicic acid, 1283 finae, 6*21 magnesia, 2*94 alumiua, and 13 ’92 sesquioxide of iron, 
10 100 parts. 
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containing lead, and whicli is consequently blackened by sulphuretted 
hydrogen, should be rejected.* 

^ Ready-cut filters of various sizes should always be kept on hand. 
Filters are either cut by circular patterns of pasteboard or tin, or, stili 

better, by Mohr’s filter-patterns 
(%• 55)* This little apparatus is 
made of tin-plate, and consists of 
two parts. A? is a quadrant fitting 
in A, whose straight edges are 
turned up, and which is slightly 
smaller than B. The sheets of 
filter-paper are first cut up into 
squares, which are folded in 
, .. x , „ quarters and placed in A ; then 

B is placed on the top, and the free edge of the paper is cut off with 
scissors. Filters cut in this way are perfectly circular and of ociual 
size, several pairs of these patterns of various sizes (3, 4, c 6-c, and 
8 cm radius) should be procured. In taking a filter for a given 
operation, you should always choose one which, after tho fluid has run 
through, will not be more than half filled with the precipitate. 
■WlbL.i-.t , els ’i* “ ver 7 important that their sides should he 

Z . h t., ang e . ° f 6 ° ’ a " d that the y ^ould not bulge. Glass is 

the most suitable material for them. 

The filter should never protrude beyond the funnel. It should 
come up to one or two lines from the edge of the latter. The filter is 




ofthe fat e t r d St? i hS P a PO r & closely to the side 

The stands shown in figs. S 6 and 57 complete the apparatus for 


*Wicke, Annal. d. Cliem. u, Pharm. 112, 127^ 



FILTRATION. 


71 


§ 45.J 

filtering. The stand in fig. 56 is more particularly adapted for the 
reception of larger funnels, and should therefore he made a little more 
solid than that in fig. 57, which is intended for the reception of funnels 
of smaller size. The stands are made of hard wood. The arm holding 
the funnel or funnels must slide easily up and down ; and be fixable 
by the screw. The holes for the funnels must be cut conically, to keep 
the funnels steadily in their place. These stands are very convenient, 
and may be readily moved about without interfering with the operation. 

00. Rules to be observed in the Process of Filtration. 

In the case of curdy, flocculent, gelatinous, or crystalline preci- 
pitates there is no danger of the fiuid passing turbid through the filter. 
But with fine pulverulent precipitates it is generally necessary and 
always advisable, to let the precipitate subside, and then filter the 
supernatant liquid, before proceeding to place the precipitate upon the 
filter. We generally proceed in this way also with other kinds of pre- 
cipitates, especially with those that require to stand long before they 
completely separate. Precipitates which have been thrown down hot, 
are most properly filtered off before cooling (provided always there be 
no objection to this course), since hot fluids run through the filter more 
speedily than cold ones. Some precipitates have a tendency to be 
carried through the filter along with the fluid ; this may be prevented 
in some instances by modifying the latter. Thus sulphate of baryta, 
when filtered from an aqueous solution, passes rather easily through 
the filter — the addition of hydrochloric acid or chloride of ammonium 
prevents this in a great measure. If the operator finds, during a fil- 
tration, that the filter would be much more than half filled by the pre- 
cipitate, he had better use an additional filter, and thus distribute the 
precipitate over the two ; for, if the first were too full, the precipitate 
could not be properly washed. 

The fluid ought never to be poured directly upon the filter, but 
always down a glass rod (as shown in fig. 54), and the lip or rim of the 
vessel from which the fluid is poured should always be slightly greased 
with tallow. The tallow should be poured into a porcelain crucible or 
a glass tube, corked at the bottom ; in the latter case, as it is required 
for use, the cork is pushed with a glass rod. The best way of applying 
the tallow to the Hp of a vessel is with the greased finger. If it is 
desired to filter the supernatant fluid without disturbing the preci- 
pitate, the rod should not be placed after use in the vessel with the 
precipitate, but in a separate vessel, which is to be rinsed out at the 
end of the operation. The stream ought invariably . to be directed 
towards the sides of the filter, never to the centre, since this might 
occasion loss by splashing. The filtrate is received either in flasks, 
beakers, or dishes. Strict care should be taken that the drops of fluid 
filtering through glide down . the side of the receiving vessel ; they 
should never be allowed to fall into the centre of the filtrate, since this 
again might occasion loss by splashing. The best method is that shown 
viz., to rest the point of the funnel against the upper part of 
the inside of the receiving vessel. 

If the process of filtration is conducted in a place perfectly free from 
dust, there is no necessity to cover the funnel, or the vessel receiving 
the filtrate ; however, as this is but rarely the case, it is generally indis- 
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pensable to cover both. This is best effected with round plates of sheet- 
glass. The plate used for covering the receiving vessel should have a 
small U-shaped piece cut out of its edge, large enough for the tube of 
the funnel to go through. The 'effect desired may be produced by 
cautiously chipping out the glass bit by bit with the aid of a key. Plates 
perforated in the centre are worthless as regards the object in view. 

After the fluid and precipitate have been transferred to the filter, 
and the vessel which originally contained them has been rinsed re- 
peatedly with water, it happens generally that small particles of the 
precipitate, remain adhering to the vessel, which cannot be removed 
with the glass rod. From beakers or dishes, these particles may be 
readily removed by means of a feather prepared for the purpose by 
tearing off nearly the whole of the plumules, leaving only a small piece 
at the end which should be cut perfectly straight. A glass rod, the 
end of which is tightly covered with a piece of flexible tube, may also 
be used. From flasks, minute portions of heavy precipitates which are 
not adherent, are readily removed by blowing a jet of water into the 
flask, held inverted over the funnel ; this is effected by means of the 
washing-bottle shown in fig. 60, b being turned upwards. If the 
minute adhering particles of a precipitate cannot be removed by mecha- 
nical means, solution in an appropriate menstruum must be resorted to, 
followed by re-precipitation. Bodies for which we possess no solvent, 
such as sulphate of baryta, for instance, must not be precipitated in 
flasks. 

§ 46 . 

. yy . Washing of Precipitates. 

After having transferred the precipitate completely to the filter, we 
have next to perform the operation of washing; this is effected by 
means of one of the well-known washing bottles, figs. 58, 59, and 60.* 
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By the arrangement shown in fig. 60, the jet may be turned in any 
required direction. Care must be taken tli^t no loss is occasioned by 
too violent a stream of water. In cases where a precipitate has to be 
washed with great caution, the apparatus illustrated in 
fig. 6 1 will be found to answer very well. The con- 
struction of this apparatus does not require much ex- 
plaining. The point a is drawn out at the end, and 
broken off. When the flask is inverted, it supplies a fine 
continuous jet of water. 

Precipitates requiring washing with water, are 
washed most expeditiously with hot water, provided 
always there be no special reason against its use. The 
washing-bottle shown in fig. 59 is particularly well 
adapted for this purpose.’ The wood handle which is 
fastened to the flask with wire serves to facilitate hold- 
ing it. Instead of a handle you may have a sufficiently 
thick coil of string wound round the neck. 

It is a rule in washing precipitates not to add fresh 
wash- water to the filter till the old has quite run through. 

In applying the jet of water you have to take care on the one hand 
that the upper edge of the filter is properly washed, and on the other 
hand that no canals are formed in the precipitate, through which the 
fluid runs off, without coming in contact with the whole of the preci- 
pitate. If such canals have formed and cannot be broken up by the 
jet, the precipitate must be stirred cautiously with a small platinum 
knife or glass rod. 

The washing may be considered completed when all soluble matter 
that is to be removed has been got rid of. The beginner who devotes 
proper attention to the completion of this operation shuns one of the rocks 
which he is most likely to encounter. Whether the precipitate has been 
completely washed may generally be ascertained by slowly evaporating 
a drop of the last washings upon a platinum knife, and observing if a 
residue is left. But in cases where the precipitate is not altogether 
insoluble in water (sulphate of strontia, for instance), resource must be 
had to more special tests, which we shall have occasion to point out in 
the course pf the work. The student should never discontinue the 
washing of a precipitate because he simply imagines it is finished— he 
must be certain. 

Some time ago continuous washing-bottles used to be employed for 
protracted washings. But they have now completely fallen into disuse 
in analytical laboratories, precipitates which are difficult to wash being 
treated as described in § 48. The objections to the use of the con- 
tinuous washing-bottle* are the following : canals are liable to be 
formed in the precipitate, a very large quantity of water is required, 
and the emplopment of hot water is excluded^' 

* Chemists interested in the construction of these apparatus are referred to the 
HandwiSrterbuch der Cbemie, 2 ed., 4, 584—6. 



Fig. 61. 
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bb. Filtration by Suction. 

Filtration being a constantly recurring and very tedious operation, 
many attempts have been made to accelerate it by suction. Bunsen* 
has recently subjected the matter to an exhaustive inquiry. In order 
to avoid the danger of the filter breaking, which has generally prevented 
analysts from employing this method, it is necessary that the filter 
even to the apex, should be supported by the funnel. The sides of the 
funnel must therefore be free from irregularities, and inclined at an 
angle of 6o° ; in it is set a little cone of very thin platinum foil exactly 
fitting, and then the paper is so placed that, after being moistened, it 
may be in contact at all points with the funnel, no air-bubbles intervening. 

The preparation of the little platinum cone shall be explained in 
Bunsen’s own words:~~“A funnel of the right shape is carefully 
selected, and in this a disc of writing-paper is fitted like a filter, so that 
the sides may be in perfect contact with the funnel • the upper edges of 
the paper are then fixed to the funnel with a few drops of sealing-wax, 
the paper is saturated with oil, and into this some plaster of Paris is 
poured, a small handle being fixed in before the plaster has set. 
After a few hours the plaster cone, together with the oiled paper which 
adheres to it, may be removed by means of the handle. The paper is 
again oiled on the outside, and the cone is placed in a crucible 
4 or 5 cm. high, filled with plaster of Paris; when the plaster has 
hardened the cone is taken out, and all paper adhering to the casts is 
removed, if necessary, by rubbing with the finger. In this way a solid 
and a hollow cone are obtained, which fit exactly in each other, and 
correspond perfectly with the funnel. To prepare the platinum cone, 
a piece of foil, weighing about *154 grm. per 
square cm., is cut to the shape and size repre- 
sented in fig. 62, ab being a slit at right angles 
with cd, terminating in the centre of the circle. 
The foil is now softened by ignition, and the solid 
plaster cone is laid on it with the apex over a, abd is 
d then pressed on the cone, and the rest of the foil is 
wrapped round the cone as closely as possible. 

Fig. 62. Finally, the foil is again ignited and moulded to 

the plaster with the fingers, the hollow cone is laid 
on the top and pressed tightly down. The platinum cone should, when 
finished, show no light through its apex, it is sufficiently firm for imme- 
diate use without any soldering.” 

A caoutchqjiyjppper with two holes is chosen, into one is fitted 
the tunnel pq^Hpwith platinum cone and paper, the tube of the 
unnel being ad^Pedto project from 5 8 cm. from the stopper ; into the 

other is fitted a short tube bent at right angles, which should not project 
beyond the stopper on the inside. If the stopper is now fixed air-tight 
into a flask, and suction is applied to the outer end of the bent tube, the 
air within the 'flask will be rarefied ; and on filling the funnel with the 
fluid to be filtered, the latter will be driven through the more rapidly 
the greater the difference between the pressure within and without the 

* Ann. d. Ckem. u. Pharm. 148, 269; also Zeitschr. f. anal. Chem. 8, 174, 


flask. If it is desired 
to bring about a con- 
siderable difference of 
pressure, an ordinary 
flask will not be strong 
enough, as it might be 
shattered with explo- 
sion, and consequently 
a flask of stout glass 
must be used. The flask 
may be conveniently 
I placed in a stand made 
of tin-plate (see fig. 64), 
down the sides of which 
three strips of thick 
cloth or india-rubber 
are glued. This ar- 
rangement affords a 
firm stand for flasks of 
various sizes, and if co- 
vered with a cloth will 
prevent any danger 
from a possible explo- 
sion. 

As an exhauster, 
any aspirator will serve 
which can reduce the 
pressure by a quarter 
of an atmosphere. A 
very simple arrange- 
ment is shown in fig, 

63 ; # and b are stout 
india-rubber tubes, 
which connect A with 
£ and C respectively. 
: Jil opening the cocks 
in A and B, the water 
runs from the former 
to the latter, which 
causes a rarefaction in 
ft and consequently in 
/* exhaustion is 
greater the greater 
the distance between 
the water levels in the 
two bottles. These 
be of 2 or 4 litres 
rapacity j they should 
M similar, so that when , 
we upper one is empty J 
Mey may be transposed. 1 

However, the by. 
drauho air- pump afl ' orus 
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by far the most convenient means of exhaustion, and more or less 
imperfect forms of this instrument had long been employed* before 
Bunsen brought it to its present high degree of perfection. Fig. 64 
represents his instrument in connexion with a filtering flask, as con- 
structed by Desaga, of Heidelberg. In describing it, I shall adhere 
almost entirely to Bunsen’s own words. By opening the clip a, the 
water flowing through the supply pipe w enters c, and passes away 



Fig. 64. 

down the leaden d y which is 8 mm. wide.^ * This pipe leads to the 
bottom of a drain 30 or 49 feet below the ground.f The tube e, fused 
into o f reaches nearly to the bottom of 0, and has below a small 
aperture. A^^;;wfinect»d a mercurial gauge, h is intended to 
retain the which is given off on washing with hot water. All 
the caoutchd^te connectors consist of thick-walled tubing of 2 to 3 mm. 

* Compare for instance Zeitschr. f. anal. Chem. 2, 359, and 4, 46. 
t If the hydraulic air-pijmp is in the uppe| part of the house, it will of course 
be enough to have the lead pipe reaching nearly to the bottom of a vessel in the 
cellar. The vessel should have a lateral aperture half-way from the bottom, con- 
nected by a lead pipe with a deep drain. 
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bore. The whole apparatus is secured to a board fixed to the wall. 
In fastening the apparatus to the board, bear in mind that the latter 
may warp. 

When a is opened, the water runs down d, and draws air with it 
which issues from the extremity of e in the form of a series of small 
bubbles. If the water runs at its fastest, even with a column 40 feet 
high, it is impossible from friction against the lead pipe to obtain a consi- 
derable exhaustion. We therefore have a second clip b , to regulate the 
water supply once for all, and so to reduce the friction as to obtain the 
maximum rarefaction when a is fully open. An apparatus properly 
regulated will, in a comparatively short time, in vessels of large size, 
reduce the pressure exactly to that which corresponds to the tension of 
aqueous vapor at the temperature of the water— namely, to from 7 to 
10 mm. of mercury. 

The glass at h should be somewhat narrowed. To effect a filtration, 
connect the flask i with the pump, then pour the supernatant clear fluid 
on to the filter, and afterwards the precipitate. The filtrate will first 
run down in a rapid stream, then in drops. The filter may be filled 
nearly to the edge, and this is, indeed, to be recommended. The pre- 
cipitate will be compressed to a thin layer, and penetrated by channels. 
As soon as the fluid has ceased dropping, and the first channels are 
visible, the precipitate will be so firmly attached to the paper, that it 
will not be disturbed by water, if carefully added. The washing is 
completed by filling the funnel a centimetre above the edge of the filter, 
pouring the water cautiously on the side, from an open vessel— a wash- 
ing bottle must not be used. After the funnel has been filled from one 
to four times, the washing will be finished, and if the filter is allowed 
to drain completely, it will often be dry enough to be transferred with 
the precipitate at once to the crucible and ignited, see § 52. By this 
method of filtering, the operation is extraordinarily shortened. The 
filter need not be so large as usual, as the precipitate will occupy less 
bulk ; and precipitates, which would otherwise be very difficult to wash 
at all, may be com- 
pletely washed 
with a relatively 
small quantity of 
fluid. Finally, pre- 
cipitates in the dry 
state in which they 
are obtained after 
the filtrate has 
been fully sucked 
out, may be separa- 
ted very easily and 
completely from 
the filter, even free 
from all fibres. 

We have thus 
described the hy- 
draulic air - pump 
in its most perfect 
state, as it may be 
used, not only for 



Fig. 65. 
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filtration, but also for all other purposes (such as the exhaustion of 
desiccators, &c.); but wo may note that for pumps which are only 
to be used for filtering, and drawing air through drying apparatus 
(§ 28), a fall of 10 to 15 feet is sufficient. Such a fall may be ob- 
tained, even on the ground floor, and without a deep drain, by fixing 
the pump to the upper part of the wall. There must then, of course, 
be an arrangement on the ground for turning the water on - and off. 
The tube which exhausts the air is connected in that case with a thin 
leaden tube, which is brought down to the bench. The device shown 
fig. 65 will be found convenient for this purpose, a is a lead pipe 
leading to the pump, b is the india-rubber tube connecting it with c 
and A, d is a glass tube of sufficient height, which dips into mer- 
cury at e, and serves as a gauge, the glass tube f is connected with 
the flexible tube g , which may be closed by means of the clip h. If 
this flexible tube is connected with the suction tube of the filter- 
ing flask, the pump is set going, and h is opened, the filtration will 
proceed. 

A slight but effective suction may also be applied to filiations 
without the use of air-pumps or aspirators. Arrangements with this 
object are shown in figs. 66 and 67. The apparatus fig. 66 is recom- 
mended by Weil.* 
On sucking at c the 
fluid is raised, and 
when the clip is closed 
the filtration will pro- 
ceed under pressure. 
To strengthen the pa- 
per a small filter a is 
first inserted, and then 
the proper filter b. 
Both filters are fitted 

? close to the glass, and 
without any rucks. 
Fig. 67 shows an ar- 
rangement proposed by 
Piccard. f If the co- 
lumn of water is not 
' higher than 30 cm., the 

0 filter does not require 

any extra support. 
However, it is always 
advisable -even in this 
case to insert first a 
small filter. If the 
Fig. 66. Pig. 67. filter lies close to the 

glass, and is free from 

rucks, the filtration will proceed much more quickly (Piccard says 
10 or 12 times more quickly) than without the use of the bent tube. 

Arrangements for exhausting the air render it possible occasionally 
to dispense entirely with paper and to filter through asbestos or 
powdered glass; such filters will be found especially useful when 

* Zeitschr. f. anal. Chem. 2, 359. 
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a precipitate has to be dried at a certain temperature, and then 
weighed. 

Fig. 68 is a filter tube which I have recom- 
mended for weighing small quantities of sul- 
phide of antimony.* After the tube has been 
charged at a with asbestos in long fibres, a little 
water is passed through to remove loose par- 
ticles of the latter, the tube is fixed in a per- 
pendicular position, and suction is applied at 6, 
finally with appropriate heating, in order to 
dry the filter completely. It is then weighed, 
b is fixed into the stopper of the filtering flask, 
a small funnel is placed on % gentle suction is 
applied and the fluid to be filtered is poured in 
cautiously. 

Fig. 69 is a glass or sand filter recom- 
mended by W. Gibbs and TaylorI* for a similar 
purpose. The tube contains at a first fragments 
of glass, then coarse powder, and finally fine 
powder. 

§48. 

y . Separation of Precipitates by Bb<&n- 
TATION AND FILTRATION ‘ COMBINED. 

In the case of precipitates which, from their 
gelatinous nature, or from the firm adhesion 
of certain coprecipitated salts, cannot be well 
washed on the filter, the following method is 
resorted to. Let the precipitate subside as far as practicable, pour the 
nearly clear supernatant liquid on the filter, stir the precipitate up 
with the washing fluid (in certain cases, where such a course is indi- 
cated, heat to boiling), let it subside again, and repeat this operation 
until the precipitate is almost thoroughly washed. Transfer it now to 
the filter, and complete the operation with the washing-bottle (see 
§ 46). This method is highly to be recommended where the preci- 
pitate is perfectly insoluble in the fluid used for washing; there are 
many precipitates that can be thoroughly washed only by its appli- 
cation. 

In cases where it is not intended to weigh a precipitate washed by 
decantation, but to dissolve it again, the operation of washing is entirely 
completed by decantation, and the precipitate not even transferred to the 
filter. The re-solution of the bulk of the precipitate being effected in the 
vessel containing it, the filter is placed over the latter, and the solvent 
passed through it. 

Although the termination of the operation of washing may be usually 
ascertained, by testing a sample of the washings for one of the sub- 
stances originally present in the solution whioh has to be removed (for 
hydrochloric acid, for instance, with nitrate of silver), still there are 
cases in which this mode of proceeding is inapplicable. In such cases, 



* Zeitschr. f. anah Chem. 8, 1 54. 
t Silliman’s Amerioan Jouraal (ii.), 44, 215. 
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and indeed in processes of washing by decantation generally, Bunsen’s 
method will be found convenient— viz., to continue the process of 
washing until the fluid which remained in the beaker, after the first 
decantation, has been diluted ten thousand times. To effect this, 
measure with a slip of paper the height from the bottom of the beaker 
to the surface of the fluid remaining in it, together with the precipitate, 
after the first decantation ; then fill the beaker with water, if possible, 
boiling, and measure the entire height of the fluid ; divide the length 
of the second column by that of the first. Go through the same process 
each time you add fresh water, and always multiply the quotient found 
with the number obtained in the preceding calculation, until you 
reach ioooo. 

§ 49 - 

Further Treatment of Precipitates. 

Before proceeding to weigh a precipitate, it still remains to convert it 
into a form of accurately known composition. This is done either by 
igniting or by drying. The latter proceeding is more protracted and 
tedious than the former, and is, moreover, apt to give less accurate 
results. The process of drying is, therefore, as a general rule, applied 
only to precipitates which cannot bear exposure to a red heat without 
undergoing total or partial volatilization ; or whose residues left upon 
ignition have no constant composition; thus; .for instance, drying is 
resorted to for sulphide* of mercury, sulphide of arsenic, and other 
metallic sulphides, and also for cyanide of silver, double chloride of 
platinum and potassium, &o. But whenever the nature of the precipitate 
(e.<)., sulphate of baryta, sulphate of lead, and many other compounds) 
leaves the operator at liberty to choose between drying and heating to 
redness, the latter process is almost invariably preferred. 

§ 5 °- . 

a a. Drying of Precipitates . 

When a precipitate has been collected, washed, and dried on a filter, 
minute particles of it adhere so firmly to the paper that it is found im- 
possible to remove them. The weighing of dried precipitates involves, 
therefore, in all accurate analyses, the drying and weighing of the filter 
also. Formerly, chemists used two filters of equal size, the one placed 
within the other ; after the precipitate had been dried, the outer filter 
was taken off, and placed on the balance as a counterpoise to the inner 
filter, whfcfb contained the precipitate. It was at the time assumed 
that filters of 0$ual size were likewise of equal weight. This assumption, 
however, is inadmissible in accurate analyses, since every experiment 
shows that even small filters', of equal size, differ in weight to the 
extent of twenty, thirty, and even more milligrammes. To obtain 
accurate result^ at is necessary ; to dry and weigh the filter before 
using it ; the temperature at which; the filter is dried must be the same 
as that to which it is intended subsequently to .expose the precipitate. 
Another condition is that the filtering-paper must not contain any 
substance liable to be dissolved by the fluid passing through it. 

The drying is conducted either in the water-, air-, or oil-bath, 



DRYING OF PRECIPITATES. 


81 


§ 50. J 

according to the degree of heat required. The weighing is performed in 
a closed vessel, mostly between two clasped watch-glasses (tig. 70), or 



% 7 Q. Fig. 71. 

in two tubes placed one within the other as shown in fig. 71, or in a 
platinum crucible. When the filter appears dry, it is placed between 
the warm watch-glasses,' or in the tubes, or in the warm crucible, 
allowed to cool under a bell-glass, over sulphuric acid, and weighed. 
The reopened watch-glasses, tubes, or crucible, tog^her with the filter, 
are then again exposed for some time to the required degree of heat, 
and, after cooling, weighed once more. If the weight does not differ 
from that found at first, the filter may be considered dry, and we have 
simply to note the collective weight of the watch-glasses, clasp, and 
filter, or of the tubes and filter, or of the crucible and filter. 

After the washing of the precipitate has been concluded, and the 
water allowed to run off as far as possible, the filter with the precipitate 
is taken off the funnel, folded up, and placed upon blotting-paper, 
which is then kept for some time in a moderately warm place, protected 
from dust ; it is finally put into one of the watch-glasses, or into the 
narrower of the two tubes, or- into the uncovered platinum crucible, 
with which it was first weighed, and exposed to the appropriate degree 
of heat, either in the water-, air-, or oil-bath. When it is judged that 
the precipitate is dry, the second watch-glass or the other tube or the 
lid of the crucible is put on (with the clasp pushed over the two in the 
first case), and the whole, after cooling in the desiccator, is weighed. 
The filter and the precipitate are then again exposed, in the Same way, 
to the proper drying temperature, , allowed to cool, and weighed again, 
the same process being repeated* until the freight remains constant or 
vanes only to the extent oLa few deci-milligrammes. By subtracting 
from the weight found the fare of the containing vessel and filter, we 
obtain the weight of the dry precipitate. 

. I* happens sometimes that the precipitate nearly fills 
the filter, or retains a considerable amount of water ; 1 or 
sometimes the paper is bo thin that it Cannot be removed 
H 03 ^n the funne ** * n su °h oases, the best way is to let 
10 hlter and precipitate get nearly dry in the funnel, by 
covering the latter with a piece ot'ilptting-paper to keep 
out the dust, and placing it, supported on a broken beaker 
W 72), or some other vessel of the kind, on the steam- 72, 
Quant, vol. i. 
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apparatus or sand-bath, or stove, or on a heated iron plate. For sup- 
ports for funnels while drying 1 can recommend the little device, fig. 73. 

It consists of a hollow frustrum of a cone open both ends, 
made of stoneware or tin plate. Two sizes may be used, 
10 cm. and 12 cm. high respectively. The lower diameter 
should be from 7 to 8, the upper from 4 to 6 cm. 


§ 5i- 

bb. Ignition of Precipitates . 



Fi g- 73- 


It was customary formerly, in this process, to dry the precipitate 
with the filter, then to scrape the latter clean and remove it, previously 
to heating the precipitate to redness. This proceeding was inevitably 
attended with the loss of the minute particles which, however clean the 
filter may be scraped, will always adhere to it. Experience has shown 
that more accurate results are obtained if the filter is burned when the 
precipitate is ignited, and the weight of the filter ash subtracted from 
the weight found. 

If care be taken to make the filters always of the same paper, and 
to cut every size by a pattern, the quantity of ash which each size 
yields upon incineration may be readily determined. It is necessary, 
however, to determine separately the quantity of ash left by ordinary 
filters, and that left by filters which have been washed with hydro- 
chloric acid and water ; on an average the latter leave about half as 
much ash as the former. To determine the filter ash take ten filters 
(or an equal weight of cuttings from the same paper), burn them in an 
obliquely-placed platinum crucible, and ignite until every trace of 
carbon is consumed j then weigh the ash and divide the amount 
found by ten ; the quotient expresses, with sufficient precision, the 
average quantity of ash which each filter leaves upon incineration. 

In the ignition of precipitates, the following four points have to bo 
more particularly regarded : — 

1. No loss of substance must be incurred ; 

2. The ignited precipitates must really be the bodies they are re- 
presented to be in the calculation of the results ; 

3. The incineration of the filters must be complete ; 

4. The crucibles must not be attacked. 

The following two methods seem to me the simplest and most ap- 
propriate of all that have as yet been proposed. The selection of either 
depends upon certain circumstances, which I shall immediately have 
occasion to point out. But no matter which method is resorted to, the 
precipitate must always be thoroughly dried, before it can properly b© 
exposed to a red heat. The application of a red heat to moist precipi- 
tates, more particularly to such as are very light and loose in the dry 
state (silicic acid, for instance), involves always a risk of loss from the 
impetuously escaping aqueous vapors carrying away with them minute 
particles of the substance. Some other substances, as hydrated 
sesquioxide of iron, for instance, form small hard lumps ; if such lumps 
are ignited while still moist within they are liable to fly about with 
great violence. The best method of drying precipitates as a preli- 
minary to ignition is as described in § 50, the last paragraph. When a 
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precipitate has been washed by suction it may often be ignited at once 
with the filter— without any more drying. 

Respecting the ignition, the degree of heat to be applied, and the 
duration of the process must, of course, depend upon the nature of the 
precipitate and upon its deportment at a red heat. As a general rule 
a moderate red heat, applied for about five minutes, is found sufficient 
to effect the purpose ; there are, however, many exceptions to this rule 
which will be indicated wherever they occur. 

Whenever the choice is permitted between porcelain and platinum 
crucibles, the latter are always preferred, on account of their compara- 
tive lightness and infrangibility, and because they are more readily 
heated to redness. The crucible selected should always be of sufficient 
capacity, as the use of crucibles deficient in size involves the risk of 
loss of substance. The proper size, in most cases, is 4 cm. in height, 
and 3-5 cm. in diameter. That the crucible must be perfectly clean, both 
inside and outside, need hardly be mentioned. The analyst should 
acquire the habit of cleaning and polishing the platinum crucible 
always after using it. This should be done as recommended by 
Berzelius, and lately also by Erdmann, by friction with moist sea- 
sand whose grains are all round and do not scratch. I have found 
this method to answer extremely well. The sand is rubbed on with 
the finger, and the desired effect is produced in a few minutes. The 
adoption of this habit is attended with the pleasure of always working 
with a bright crucible and the profit of prolonging its existence. This 
mode of cleaning is all the more necessary when one ignites over gas- 
lamps, since at this high temperature crucibles soon acquire a grey 
coating, which arises from a superficial loosening of the platinum. A 
little scouring with sea-sand readily removes the appearance in ques- 
tion, without causing any notable diminution of the weight of the 
crucible (Erdmann*). If there are spots on the platinum crucibles, 
which cannot be removed by the sand without wearing away too much 
of the metal, a little bisulphate of potassa is fused in the crucible, the 
fluid mass shaken about inside, allowed to cool, and the crucible finally 
boiled with water. There are two ways of cleaning crucibles soiled 
outside ; either the crucible is placed in a larger one, and the inter- 
space filled with bisulphate of potassa, which is then heated to fusion ; 
or the crucible is placed on a platinum-wire triangle, heated to redness, 
and then sprinkled over with powdered bisul- 
phate of potassa. Instead of the bisulphate you jj 

may use borax. Never forget at last to polish 1 

the crucible with sea-sand again. "''V 

When the crucible is clean, it is placed upon / A \ 
a clean platinum-wire triangle (fig. 74), ignited, / / \ \ 

'^ we fl to cool in the desiccator, and weighed. I / \ 1 

this operation, though not indispensable, is still 
always advisable, that the weighing of the empty 
and the filled crucible may be performed under as ^**—m*^ 
nearly as possible the same circumstances. The Fig. 74. 

empty crucible may of course be weighed after the 
ignition of the precipitate ; however, it is preferable in most cases to 
weigh it before^ The weighing of the crucible after ignition of the 


* Journ. f. prakt. Chem. 79, 117. 
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precipitate is only necessary when the gas blowpipe has been used 
which, as experience has shown, often reduces the weight of a pla 
tinum crucible.* In default of a platinum triangle, you may use ai 
iron triangle, covering the part with which the crucible comes ii 
contact with platinum-wire or foil, or pieces of tobacco pipe. Tlu 
ignition is effected with a Berzelius spirit-lamp or a gas-lamp, oi 
else in a muffle. If a Bunsen’s gas-lamp is used, the perforated por 
celain plate is previously put on. The 6 spikes (see fig. 46) are pro 
vided for its support. In igniting reducible substances over lamps, the 
analyst must always be on his guard against the contact of uncon- 
sumed hydrocarbons even in covered crucibles. When gas-lamps are 
used there is especial need of caution in this respect. Reduction will 
be avoided if the flame is made no larger than necessary, if a chimney 
is used, if the crucible is supported in the upper part of the flame, and 
if, when the crucible is in a slanting position, it is heated from behind. 

We pass on now to the description of the special methods. 


§52. 

First Method. (Ignition of the Precipitate with the filter .) 

The method is resorted to in cases where there is no danger of a 
reduction of the precipitate by the action of the carbon of the filter. 
The mode of proceeding is as follows : — 

The perfectly dry filter, with the precipitate, is removed from the 
funnel, and its sides are gathered together at the top, so that the pre- 
cipitate lies enclosed as in a small bag. The filter is now put into the 

crucible, which is then covered and 
heated over a spirit-lamp with double 
draught or. over gas very gently, to 
effect the slow charring of the filter ; 
the cover is now removed, the cru- 
mble placed obliquely, and a stronger 
degree of heat applied, until complete 
incineration, of the filter is effected ; 
the lid, which had in the meantime 
best be kept in a porcelain dish, or in 
a porcelain crucible, is put on again, 
and a red heat applied for some time 
longer, if needed ; the crucible is now 
allowed to copl a- little, and is then, 
while still hot, though no longer red 
hot,^ taken off with a pair of tongs 
of brass or polished iron (figs. 75 
and 76), and put in the desiccator, 
where it is left to cool; it is finally 
Fig.75. weigi» 4 . 

* Wittstiih that platinum Cfu cities do not lose weight on ignition, unless 

they contain small quahtfties of osmium (Zeitschr. f. anal. Chem. 5, 98). Ktolba 
ascribes the loss of weight to the formation of carbide of platinum. He says, that 
the rougher the surface the greater is the leas ( I'olyt. Journ. 19$; 177). 

t Taking hold of a red-hot crucible with brass to tigs might cause the formation 01 
black rings round it. 
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The combustion of the carbon of the filter may be promoted, in 
cases where it proceeds too slowly, by pushing the non-consumed par- 
ticles, with a smooth and rather stout platinum-wire, within the focus 
of the strongest action of ^fche heat 
and air. And the operator may also 
increase the draught of air by lean- 
ing the lid of the crucible against 
the latter in the manner illustrated 
in fig. 77. 

It will occasionally happen that 
particles of the carbon of the filter 
obstinately resist incineration. In 
such cases the operation may be pro- 
moted by igniting for a short time 
over the blowpipe, or by putting a 
small lump of fused, dry nitrate of 
ammonia into the crucible, placing 
on the lid and applying a gentle heat 
at first, which is gradually increased. 

However, as this latter method is 
apt to involve some loss of substance, 
its application should not be made a 
general rule. \ 

In cases where the bulk of the 
precipitate is easily detached from Fig. 77. 

the filter, the preceding method is 

occasionally modified in this, that the precipitate is put into the cru- 
cible, and the filter, with the still adhering particles, folded loosely 
together, and laid over the precipitate. In other respects, the opera- 
tion is conducted in the manner above described. 

As above mentioned, precipitates which have been washed by suc- 
tion may often be ignited immediately without further drying (Bunsen),* 
Imt, of course, this applies only to precipitates which are not liable to 
reduction by the carbon of the filter. We proceed thus*: the clean half 
of the filter is folded round the half containing the precipitate four or 
five times j this is placed in a crucible fixed in a slanting position, and 
pressed with the finger against the interior of the crucible ; the cover is 
supported as represented in fig. 77, and heat is first applied where 
the cover touches the top of the crucible. The heat is to be regulated 
that the carbonization may go on quietly without flame or much smoke. 
When the carbonization slackens, shift the lamp towards the', bottom of 
the crucible. As soon as the' filter is reduced to a charred mass of the 
original form, the Crubible is made red hot till the carbon is burnt otf, 
and the filter is converted into a white ash. If necessary you may 
] gnite for a short time over the blbwpipe. 

* Ann : d * Chem. u. Pharm. 148, 285 ; also Zeitschr. (. anal. Chem, 8, 186 In 
nie case of alumina, An. Mitschbblich had previously recommended the ignition 
ot the moist precipitate (Zeitschr. £ anal Chem, 1, 67). 
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Second Method. ( Ignition of the Precipitate apart from the Filter.) 

This method is resorted to in cases where a reduction of the precipi- 
tate from the action of the carbon of the filter is apprehended ; and also 
where the ignited precipitate is required for further examination, which 
the presence of the filter ash might embarrass. It may be employed 
also, instead of the first method, in all cases where the precipitate is 
easily detached from the filter. The mode of proceeding is as follows : — 

The crucible intended to receive the precipitate is placed upon a 
sheet of glazed paper ; the perfectly dry filter with the precipitate is 
taken out of the funnel, and gently pressed together over the paper, to 
detach the precipitate from the filter ; the precipitate is now shaken into 
the crucible, and the particles still adhering to the filter are removed 
from it, as far as practicable, by further pressing or gentle rubbing 
together of the folded filter, and are then also transferred to the cru- 
cible. The filter is cut up over the glazed paper with a pair of clean 
scissors into eight or ten pieces, the lid of the crucible is brought to 
redness, and one after another of the pieces is p|ped on the lid with 
the tongs, and allowed to burn, the lid being ijSSIwards ignited till 
the last trace of carbon is consumed. If the J » Is large and the filter 
small, the latter is not cut up, but merely faffed. The lid is now laid 
on a porcelain crucible, and covered with jHoeaker. Finally, the cru- 
cible with the precipitate is ignited (if necessary another lid being placed 
on it) the lid containing the filter ash is put on towards the end, the 
crucible is allowed to cool a little, transferred to the desiccator, and 
weighed when cold. 

With precipitates which are not absolutely insoluble in water (phos- 
phate of magnesia and ammonia, for instance), a considerable time is 
often required to effect complete incineration/ as the filter is saturated 
with a dilute solution of the precipitate. The incineration may be pro- 
moted by pressing the blackened filter against the red hot lid by means 
of a smooth wire or thin platinum knife. However, a certain amount 
of patience is always requisite in this operation. 

With precipitates which on reduction do not yield bodies that com- 
bine with platinum, the following method of incinerating the filter, pro- 
posed by Bunsen, may also be employed. The filter being cleaned as 
much as possible is spread open upon the sheet of glazed paper, and 
then folded in form of a little square box, enclosed on all sides by the 
parts turned up ; any mirihte particles of the precipitate that may have 
dropped od|^glazed paper are brushed into this little box, with the 
aid of a sdflH^her ; the box is closed again, rolled up, and one end 
of a long pB(H!m-wire spirally wound round it. The crucible being 
placed on or above a porcelain plate, the little roll is lighted, and, 
during its combustion, held over the crucible, so that the falling par- 
ticles of the precipitate or filter ash may drop into it, or, at least, into 
the porcelain plate* In this way, and by occasionally holding the little 
roll again in or against the flame, the incineration of the filter is readily 
and safely effected. When the operation is terminated, a slight tap 
will suffice to drop the ash and the remaining particles of the precipi- 
tate into the crucible, which is then covered, and the ignition complete 
as in § 52. Where it is intended to keep the ash separate from the 
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precipitate, it is made to drop into the lid of the crucible, in which case 
it is better to ignite the crucible with the principal portion of the pre- 
cipitate first. If this method of incinerating the filter were adopted 
with such precipitates as chloride of silver or carbonate of lead, a small 
quantity of the metal would be reduced and alloy with the platinum- 

WU No matter which method of incineration is resorted to, the operation 
must always be conducted in a spot entirely protected from draughts. 

Certain precipitates suffer some essential modification in their pro- 
perties, in their solubility, for instance, from ignition. In cases where 
a portion of a substance of the kind is required, after weighing, for 
some other purpose in the unignited state, the two operations of drying 
•md igniting may be combined in the following way : — the precipitate 
is collected on a filter dried at ioo°; it is then also dried at ioo°, ami 
weighed (§ 50). A portion of the dry precipitate is put into a tared 
crucible, and its exact weight ascertained ; it is then ignited and 
weighed again ; the loss of weight is calculated on the whole amount 
of the precipitate. 


§ 54 - 


5. Volumetric Analysis. 

The principle of volumetric analysis has been explained already in 
the Introduction, where we have seen how the quantity of protoxide of 
iron present in a fluid may be determined by means of a solution of 
permanganate of potassa, the value of which has been previously ascer- 
tained by observing the quantity required to oxidize a known amount 
of protoxide of iron. 

In order to make the matter as clear as possible I will here adduce 

a few more examples. „ , 

Suppose we have prepared a solution of chloride of sodium or sue 
a strength that 100 c.c. will exactly precipitate 1 grm. silver from 1 s 
solution in nitric acid, we can use it to estimate unknown quantities ot 
silver. Say, for instance, we have an alloy of silver and c ^PP er * n 
unknown proportion, we dissolve 1 grm. in nitric acid, and add to t 0 
solution our solution of chloride of sodium, drop by drop, un 1 e 
whole of the silver is thrown down, and an additional drop fails to pro- 
duce a further precipitate. The amount of silver present may now be 
calculated from the amount of solution of chloride of sodium use . 
Thus, supposing we have used 80 c.c., the amount of silver presen in 
the alloy' is 80 per cent.; since, as 100 c.c. of the solution of chloride 
of sodium will throw down i grm. of pure silver (f.e. of 100 pei. cen 
it follows that every c.c. of the chloride of sodium solution corresponds 

to i per cent; of silver. „ , , , , . , 

Another example. It is well known that iodine and sulphuretted 
hydrogen cannot exist together : whenever these two substances are 
brought into contact, decomposition immediately ensues, the y rog 6 * 1 
separating from the sulphur and combining with the iodine (I + - 

HI + S). Hydriodic acid exercises no action on starch-paste, whereas 
the least trace of free iodine colors it blue. Now, if we prepare a 
solution of iodine (in iodide of potassium) containing in 100 c.c. 
'7462 grm. iodine, we may with this decompose exactly *i grm. sulphu- 
retted hydrogen for 17: 126*85 : : *i : 7462. Let us suppose, then, 
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we have before us a fluid containing an unknown amount of sulphu- 
retted hydrogen, which it is our intention to determine. We add to it 
•a little starch-paste, and then, drop by drop, our solution of iodine, 
until a persistent blue coloration of the fluid indicates the formation of 
iodide of starch, and hence the complete decomposition of the sulphu- 
retted hydrogen. The amount of the latter originally present in the 
fluid may now be readily calculated from the amount of solution of 
iodine used. Say, for instance, we have used 50 c.c. of iodine solution, 
the fluid contained originally *05 sulphuretted hydrogen ; since, as wo 
have seen, 100 c.c. of our iodine solution will decompose exactly *i grin, 
of that body. 

Solutions of accurately known composition or strength, used for the 
purposes of volumetric analysis, are called standard solutions . They 
may be prepared in two ways, viz., (a) by dissolving a weighed quantity 
of a substance in a definite volume of fluid : or ( b ), by first preparing 
a suitably concentrated solution of the reagent required, and then 
determining its exact strength by a series of experiments made with it 
upon weighed quantities of the body for the determination of which it 
is intended to be used. 

In the preparation of standard solutions by method a , a certain 
definite strength is adopted once for all, which is usually based upon 
the principle of an exact correspondence between the number of grammes 
of the reagent contained in a litre of the fluid, and the equivalent 
number of the reagent (H=i). In the case of standard solutions 
prepared by method b, this may also be easily done, by diluting to the 
required degree the still somewhat too concentrated solution, after 
having accurately determined its strength; however, a a a rule, this 
latter process is only resorted to in technical analyses, where it is 
desirable to avoid all calculation. Fluids which contain the eq. number 
of grammes of a substance in 1 litre, are called normal solutions ; those 
which contain of this quantity, decinormal solutions . 

The determination, or titration * of a standard solution is obviously 
a most important operation; since any error in this will, of course, 
necessarily falsify every analysis made with it. In scientific and 
accurate researches it is, therefore, always advisable, whenever prac- 
ticable, to examine the standard solution — no matter whether prepart'd 
by method a, or by method b , with subsequent dilution to the required 
degree — by experimenting with it upon accurately weighed quantities 
of the body for the determination of which it is to be used. 

In the previous remarks I have made no difference between fluids of 
known composition and those of known power; and this has hitherto 
been usual. But hgf^jwjcepting the two expressions as synonymous, wo 
take for granted^that a fluid exercises a chemical action exactly cor 
responding to the amount of dissolved substance it contains — that, for 
instance, a solution of chloride of sodium containing 1 eq. KaCl will 
precipitate exactly i eq. silver. This presumption, However, is very 
often not absolujfey oprrect, as will be shown with reference to this 
very example, § X 0 ,b r $,\ In such cases, of course, it is not merely 
advisable, but even$|^lttteiy necessary, to determine the strength of 
the fluid by experiment* although the Amount of the reagent it contains 

# From tilre, French for the amount of gold or silver in coin. 
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may be exactly known, for the power of the fluid can be inferred from 
its composition only approximately and not with perfect exactness. 

If a standard solution keeps unaltered, this is a great advantage, as 
it dispenses with the necessity cf determining its strength before every 
fresh analysis. 

That particular change in the fluid operated upon by means of a 
standard solution which marks the completion of the intended decom- 
position, is termed the final reaction. This consists either in a 
change of color , as when a solution of permanganate of potassa acts upon 
an acidified solution of protoxide of iron, or a solution of iodine upon a 
solution of sulphuretted hydrogen mixed with starch-paste ; or in the 
cessation of the formation of a precipitate upon further addition of the 
standard solution, as when a standard solution of chloride of sodium is 
used to precipitate silver from its solution in nitric acid ; or in incipient 
precipitation as when a standard solution of silver is added to a solution 
of hydrocyanic acid mixed with an alkali ; or in change in the action of the 
examined fluid upon a particular reagent , as when a solution of arsenite 
of soda is added to a solution of chloride of lime, until the mixture no 
longer imparts a blue tint to paper saturated with iodide of potassium 
and starch-paste* 

The more sensitive a final reaction is, and the more readily, posi- 
tively, and rapidly it manifests itself, the better it is calculated to serve 
as the basis of a volhmetric method. In cases where it is desired to 
ascertain with the greatest precision the moment when the reaction is 
completed, the analyst may sometimes prepare, besides the actual 
standard solution, another, ten times more dilute, and use the latter to 
finish the process, carried nearly to completion with the former. 

But a good final reaction is not of itself sufficient to afford a safe 
basis for a good volumetric method; this requires, as the first and 
most indispensable condition, that the particular decomposition which 
constitutes the leading point of the analytical process should— at 
least under certain known circumstances — remain unalterably the same. 
Wherever this is not the case — where the action varies with the con- 
centration of the fluid, or with the free acid present, or with the rate 
of action of the standard solution, or where a precipitate formed in the 
course of the process has not the same composition throughout the 
operation — the basis of the volumetric method is fallacious, and the 
method itself of no value. 

When the new system of volumetric analysis first began to find' 
favor with chemists, a great many volumetric methods were proposed, 
based simply upon soine final reaction, without a careful study of the 
decomposition involved ; the result was a superabundant crop of new 
volumetric methods, of which a great many were useless. All the 
methods, however, have been subjected to a sifting process, more par- 
ticularly by the hands of F. Mohr; and in the special part of the 
present work I have taken care to separate the really good methods 
from the fallacious. 
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For general information respecting reagents, I refer the student to the 
“ Qualitative Analysis/’ 

The instructions given here will be confined to the preparation, 
testing, and most important uses of those substances which subserve 
principally and more exclusively the purposes of quantitative analysis. 
Those reagents which are employed in qualitative investigations, will 
bo simply mentioned here by name. 

The reagents used in quantitative analysis, are properly arranged 
under the following heads ; — 

A. Reagents for gravimetric analysis in the wet way, 

B. Reagents for gravimetric analysis in the dry way. 

C. Reagents for volumetric analysis. 

D. Reagents used in organic analysis. 

The mode of preparing the fluids used in volumetric analysis, the 
reagents used only in special cases, and the absorption bulbs used in 
gas analysis, will be found where we shall have occasion to speak of 
their application. 


A. REAGENTS FOR GRAVIMETRIC ANALYSIS 

IN tfllE WET WAY. 

/ 

I. SIMPLE SOLVENTS. 


i. Distilled Water (see “ Qual. Anal/’). 

Water intended for quantitative investigations must be perfectly 
pure. Water distilled from glass vessels leaves a residue upon evapo- 
ration in a platinum vessel (see Experiment No. 5), and is therefore 
inapplicable for many purposes ; as for instance, for the determination 
of the solubility of mAgly soluble substances. For certain uses it is 
necessary to free^^^water by ebullition from atmospheric air and 
carbonic acid. 


2. 3Hohol (see " Qual. AnaL”), 

a. Absolute alcohol. 6. Rectified spirit of wine of various degrees of 
strength. 

3. Ether. 

The application of ether as a solvent is very limited. It is m° re 
frequently used mixed with spirit of wine, in order to diminish tb® 
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solvent power of the latter for certain substances, e.g. t bichloride of 
platinum and chloride of ammonium. Commercial ether will answer 
the purpose. 

4. Bisulphide of Carbon. 

This should be purified, if necessary, by shaking with mercury, 
which removes its usual unpleasant odor, and rectifying over a water- 
bath No india-rubber connexions must be used in the latter operation. 
Bisulphide of carbon is used to dissolve and separate iodine from 
aqueous solutions, and to free sulphides of metals from admixed sulphur. 


II. ACIDS AND HALOGENS. 

a. Oxygen Acids . 


§ 57 . 


1. Sulphuric Acid. 

a. Concentrated commercial sulphuric acid. 

b. Concentrated pure sulphuric acid. 

c. Dilute sulphuric acid. 

See “ Qual. Anal.” 

2. Nitric Acid. 

t S I' — * 

grm. pm. of 

starch in lumps, put the mixture into a capmoMtubdated retort, an 1 
add 500 grm. sulphuric acid, and 500 grm. Nordhausen sulphuric aenh 
Place the retort on a wire-gauze, over a gas or on a • 

distillation will commence without the application o * , ,, 

nitre was not quite free from chlorides, collect the first port ons of the 
distillate separately. When the drops come over siowiy, heat ge y, 
but by no means push on the operation too quic y. oomT) i e t e J. 
more acid comes off at a moderate heat, the opera ion should 

As a part of the hyponitric acid is sure to escape, o 
be conducted in the open air, or under a good raug . . t 

Teats. — Bed fuming nitric acid must be in a state of the gieatest 

possible concentration, and perfectly free from su p u • cela * n 
to detect minute traces of the latter^ evaporate a * • Rnm i > c i 1 i 01 qq e 
dish nearly to dryness, dilute the residue with wa er, 
of bariumf and observe whether a precipitateformsonstandmg^ 

Uses.— A powerful oxidizing agent and advent 
especially to convert sulphur and metallic sulphides P 

and sulphates respectively. 

3. Acetic Acid (see “ Qual. Anal. ')• 

4. Tartaric Acid (see “ Qual. Anal”). 
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b . Hydrogen Acids and Halogens* 

§ 58 . 

1. Hydrochloric Acid. 

а. Pure hydrochloric acid of 1*12 sp. gr. (see “ Qual. Anal.”*). 

б. Pure fuming hydrochloric acid of about ri8 sp. gr. 

Preparation, — As in “ Qual. Anal.,” with this modification, how- 
ever, that only 3 or 4 parts of water, instead of 6, are put into the 
receiver, to 4 parts of chloride of sodium in the retort. The greatest 
care must be taken to keep the receiver cool, and to change it as soon 
as the tube through which the gas is conducted into it begins to get 
hot, since it is now no longer hydrochloric acid gas which passes over, 
but an aqueous solution of the gas, in form of vapor, which would 
simply weaken the fuming acid, if it were allowed to mix with it. 

Tests. — The fuming acid must, for many purposes, be perfectly free 
from chlorine and sulphurous acid. For the mode of testing for these 
impurities, see “ Qual. Anal.” Test for sulphuric acid as under Nitric 
Acid, previous page. 

Uses. — Fuming hydrochloric acid has a much more energetic action 
than the dilute acid ; it is, therefore, used instead of the latter in cases 
where a more rapid and energetic action is desirable. 

2. Hydrofluoric Acid. 

This is employed for the decomposition of silicates and borates, 
sometimes in the gaseous form, sometimes in aqueous solution. In the 
first case, the substance is introduced into the leaden box, in which the 
hydrofluoric gas is being generated ; in the latter case, we must first 
prepare the aqueous acid. The raw material employed is fluor spar, or 
better, cryolite (LuBOLDTt). Both are first finely powdered, and then 
treated with concentrated sulphuric acid. To 1 part cryolite, 2 £ parts 
sulphuric acid are used ; to 1 part fluor spar, 2 parts sulphuric acid 
are used. If the latter is employed, allow the mixture to stand in a 
dry place for several days, stirring every now and then, so that the 
silicic acid (which is generally contained in fluor spar) may first escape 
in the form of fluosilicic gas. Convenient distillatory apparatus have 
been described by Luboldt ( loc . cit.) and by H. Briegleb.J The 
latter commends itself especially on account of its relatively s-mall cost. 
It consists of a leaden retort, with a moveable lea^|&.top, which can bo 
luted on. The, receiver belonging to it is djppx of lead, with a 
tubulure ' fnKeide, into which the necl^iulthe retort just enters. 
The cover oTOie receiver is raised conically, and is provided at the top 
with an exit tube of lead. In the receiver a platinum dish containing 
water is placed, all joints are luted, and the retort is carefully heated 
in a sand-bath. 'The aqueous hydrofluoric acid found at the end of the 
operation in the pktinum dish is perfectly pure. The small quantity 
of impure hydroflu^ic acid which collects on the bottom of the receiver 
is thrown away, v The hydrofluoric acid must entirely volatilize when 
heated in a platinum;msh on a water-bath. The pure acid gives no 

* For Bettendorff’s process for preparing hydrochloric acid free from arsenic, 
by precipitating with protochloride of tin, see Zeitsuhr. f. anal. Ghera. 9, 107. 

f Journ. f. prakt. Chem. 76, 330. + Annal. d. Chem. u. Pharm. in, 3 So 
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precipitate when neutralized with potash or supersaturated with am- 
monia, while silicofluorido of potassium or silicic acid separates, if the 
acid contains hydrofiuosilicic acid. The acid is best preserved in 
gutta-percha bottles as recommended by Stadeler. The acid is an 
article of commerce and can be obtained? in gutta-percha bottles. If 
bought it must be always tested. The greatest caution must be 
observed in preparing this acid, since, whether in the fluid or gaseous 
condition, it is one of the most injurious substances. 

3. Chlorine and Chlorine-water (see “ Qual. Anal.”). 

4. Nitro-hydrochlorio Acid (see “ Qual. Anal.”). 

5. Hydrofluosilicic Acid (see “ Qual. Anal.”). 

This should be preserved in gutta-percha bottles, as if kept long in 
glass it attacks the latter and takes up some of its constituents. 

c. Sulphur Acids. 

r. Hydrosulphu.ric Acid (see “Qual. Anal.”), 

III. BASES AND METALS. 

a. Oxygen Bases and Metals. 

§ 59 - 

01. Alkalies. 

1. Potassa AND Soda (see “ Qual. Anal.”). 

All the three sorts of the caustic alkalies mentioned in the qualitative 
part are required in quantitative analysis, viz., common solution of 
soda, hydrate of potassa purified with alcohol, and solution of potassa 
prepared with baryta. Pure solution of potassa may be obtained also 
by heating to redness for half an hour in a copper crucible, a mixture 
of 1 part of nitrate of potassa, and 2 or 3 parts of thin sheet copper cut 
into small pieces, treating the mass with water, allowing the oxide of 
copper to subside in a tall vessel, and removing the supernatant clear 
fluid by means of a Byphon (Wohler). 

2. Ammonia (see “Qual. Anal.”). 

j 3 Alkaline Earths. 

1 . Baryta (see “ Qual. Anal.”). 

2. Lime. 

Hydrate of lime mixed with water (milk of lime), is used more 
particularly to effect the separation of magnesia, <fco., from the alkalies. 
Milk of lime intended to be Used for that purpose must, of course, be 
perfectly free from alkalies. To insure this, the purest lime (calcined 
white marble) should be used, and the hydrate thoroughly washed, by 
repeated boiling with fresh quantities of distilled water. This operation 
is conducted best in a platinum or silver dish. When cold, the m ilk of 
lhne so prepared is kept in a well-stoppered bottle. 
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y. Heavy Metals , and their Oxides, 


x. Zinc. 


§60. 


Zinc has of late been much used in quantitative analysis. It serves 
more especially to effect the reduction of dissolved sesquioxide of iron 
to protoxide, and also the precipitation of copper. Zinc intended to be 
used for the former purpose must be free from iron, for the latter free 
from lead, copper, and other metals which remain undissolved upon 
treating the zinc with dilute acids. As it is not easy to prepare zinc 
which answers both purposes in any quantity, it is well to keep besides 
the ordinary zinc for hydrogen preparation also the two following 
kinds : — 

a. Zinc free from iron . — The distillation of zinc in the laboratory 
being a troublesome and costly operation, chemists generally use the 
raw product of the reduction and distillation of tli© ore, as this contains, 
at least in many cases, only such trifling traces of iron that it may be 
safely used for reducing solutions of sesquioxide of iron. The ordinary 
zinc of commerce, which is prepared by fusing the reduced metal in 
iron pots, contains much more iron. Of the several sorts of crude zinc 
which I have had occasion to examine, Silesian zinc contains the least 
admixture of iron. 

h. Zinc free from lead , copper , dec . — To procure zinc which leaves no 
residue upon solution in dilute sulphuric acid, there is no other resource 
but to re-distil the commercial article. 

This is effected in a retort made of the material of Hessian or black 
lead crucibles. * The operation is conducted in a wind furnace with good 
draught. The neck of the retort must hang down as perpendicularly as 
possible. Over this is placed a small drain -pipe, the lower end of which 
is allowed just to dip into water contained in a tub, or large stoneware 
dish; the joints are stopped up with clay. The distillation begins 
as soon as the retort is at a bright red heat. As the neck of the retort 
is very liable to become choked up with oxide of zinc, it is necessary 
to keep it constantly free by means of a piece of iron wire. The zinc 
obtained by this re-distillation is as good as free from lead, but it still 
contains perceptible traces of iron (from the wire). If the total absence 
of iron in the product is desired, we must use the stem of a clay pipe 
or a stick instead of the iron wire. 

Tests . — The following is the simplest way of testing the purity of 
zinc : dissolve the metal in dilute sulphuric acid in a small flask pro- 
vided wit W gas -eyolution tube, place the outer limb of the tube under 
water, anaVSlp the solution is completed, let the water entirely or 
partly recede into the flask ; after cooling, add to the fluid, drop by 
drop, a sufficiently dilute solution of permanganate of potassa. If a 
drop of that solution imparts the same red tint to the zino solution as 
to an equal volume of acidulated water, the zinc may be considered 
free from iron. I prefer this way of testing the purity of zinc to other 
methods, as it affords, at the same time, an approximate, or, if the zinc 
has been weighed, and the permanganate solution (which, in that case, 
must be considerably diluted) measured, an accurate knowledge of the 
quantity of iron present. If lead or copper is present, it will remain 
undissolved upon solution of the zinc. 
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2. Copper. 

The copper of commerce, with the exception of the Japanese, is 
rarely sufficiently pure for analytical purposes. The chemist may 
prepare this metal for himself in a state of purity, either in the gal- 
vanoplastic way, or as follows : precipitate the metal from a solution of 
the sulphate by a clean iron plate, free the precipitated copper from iron 
by boiling with hydrochloric acid ; .wash, dry, fuse, and roll into thin 
sheets (Fuchs). 

Tests . — Pure copper must dissolve completely in nitric acid, and 
addition of ammonia in excess to this solution must not, even after long 
standing, produce in it any precipitate (iron, lead, &c.) ; neither should 
the addition of hydrochloric acid render the solution turbid (silver). If 
its solution be precipitated with sulphuretted hydrogen, the filtrate 
should leave no residue on evaporation. 

Uses. — This metal serves us occasionally in indirect analysis ; thus 
it is used, for instance, to determine copper, also iron according to 
Fucns, &c. However, since the introduction of volumetric methods, 
it is but rarely used in quantitative analysis. 

3. Oxide of Lead. 

Precipitate pure nitrate or acetate of lead with carbonate of 
ammonia, wash the precipitate, dry and ignite gently to complete 
decomposition. 

Oxide of lead is often used to fix an acid, so that it is not expelled 
even by a red heat. 

4. Oxide of Mercury. 

Preparation. — Pour a solution of chloride of mercury into a hot 
moderately dilute solution of soda, taking care to leave the solution of 
soda always in excess, and wash the yellow precipitate thoroughly 
by decantation ; lastly mix with water, and keep in a bottle in this 
condition. 

Tests. — Oxide of mercury must leave no residue when heated to 
redness in a platinum crucible. 

Uses . — ■This reagent serves, in quantitative investigations, princi- 
pally to decompose chloride of magnesium in the process of separating 
magnesia from the alkalies. 

6. Sulphur Bases. 

1. Sulphide of Ammonium (see “Qual. Anal.”). 

1 squire both the colorless monosulphide, and the yellow poly- 

2. Sulphide of Sodium (see “ Qual. Anal”) 

IY. SALTS, 
o. Salts of the Alkalies, 

§61. 

1 Sulphate of Potassa (see “ Qual. Anal.”). 

2. Phosphate of Ammonia. 

Preparation. — To pure dilute phosphoric acid (prepared from phos* 
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phorus) add pure ammonia to strongly alkaline reaction, allow to stand 
some time, filter, if necessary, and keep for use. 

Tests. — Phosphate. ef ammonia must be free from arsenic, nitric, and 
sulphuric aci<Js, -but * more ‘particularly from potassa, or soda. The 
presence of either of these alkalies may be detected by adding solution 
of pure acetate of lead, until the formation of a precipitate ceases, fil- 
tering, precipitating .the* excess of lead with sulphuretted hydrogen, 
filtering again, evaporating to dryness, and igniting' the residue. If 
there now remains a , residue soluble in water, and of alkaline reaction, 
this may be considered a Conclusive proo^of the presence of, soda or 
potassa. * • . ^ ,< . 

In most cases phosphate' cf/’soda /(see £,Qual. Anal.”) may be sub 
stituted for phosphate of ammonia. j* . ’ ^§*iy 

3. Oxalate of Ammonia (see ‘‘rfuat Anal.”). 

4. Acetate of,,, Soda (see*< Qual. Anal”). 

5. Succina$b of Ammonia. 

Preparation. — Purify succinic acid, by dissolving in nitric acid and 
recrystallizing, and then saturate with dilute ammonia. The reaction 
should be rather Rightly alkaline than acic^ , 

Uses. — This reagent serves occasionally to separate sesquioxide of 
iron from other metallic oxides. ; ‘ , \ •» 

6. Carbonate of Soda (see “Qual. Anal.”). 

This reagent is -required both in solution and in pure crystals ; in 
the latter form /to neutralize an excess of acid in a fluid which it is 
desirable not to, dilute too much. 

7. Carbonate of Ammonia (see “ Qual. Anal.”). 

8. Bi^jlphite Of Soda (see Qual. Anal.”). 

9. SyPQSULP^iTE of Soda. 

This salt 'occurs in commerce. « It should be dry, clear, well 
crystallized, completely and with ease soluble in water. The solution 
must give with nitrate of silver at first a white precipitate, must not 
effervesce with acetic acid, and when acidified must give no precipitate 
with chloride of barium, Or at- most, only* a slight turbidity. The 
acidified solution must/ After- a short time, become milky from separa- 
tion of sulphur. ‘ T ; 

Uses.—- The hyposulphite of soda is used for the precipitation of 
several metals, as sulphides, particularly in separations, for instance, of 
copper from zino ; it also serves as a solvent for several salts (chloride 
of silver, sulphate pf lime, <fcc.); lastly, it is employed in volumetric 
analysis, its use here depending* on the reaction 2(NaO,8 a O f ) + 1 - 
Nal + NaO,S$i *4 \ 

10. Nfj&EdD of Potassa ( (see “ Qual. Anal,”). 

11. Bipi^CATE oe PoTassa (see “ QuaL Anal.”). 

12. Mo A mmonia (see “ Qual. Anal.”). 

When this soltiliSi: is &sed for estimating phosphoric acid, the 
filtrate from the phospho-molybdate of ammonia and that from the 
ammonia-phosphate of magnesia should be preserved. The molybdic 
acid may be recovered from these residues as follows. Evaporate the 
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fluid in the open air or under a good draught to dryness, and finally 
heat till the greater part of the nitrate of ammonia is decomposed. 
Digest the residue with ammonia which dissolves the molybdic acid, 
and filter. Mix the filtrate with a little magnesia mixture (§ 62, 6) to 
precipitate any phosphoric acid. If a precipitate is formed, make sure 
that all the phosphoric' acid is thrown down. Allow to stand some 
time, filter, add nitric acid till just acid, filter off the molybdic acid 
which separates by suction, and wash with the least quantity of water. 
The filtrate and washings from the molybdic acid contain but little 
acid. They may be worked up with the next lot of residues. 

13. Chloride of Ammonium (see “ Qual. Anal.”). 

14. Cyanide oEvPotassium (see “ Qual. Anal.”). 

Besides the cyanide, ^.ipotassium prepared by • Liebig’s method, 
which contains cyanate ana carbonate of potassa, we require the pure 
salt in several cases of separation, for instance, in Wohler’s method of 
separating zinc and nickeL This is prepared as follows. Powder 2 
parts of crystallized ferrocyanide of potassium, transfer to a retort and 
add 4 parts of water and ij of sulphuric acid. Now dissolve 1 part of 
potassa (evaporated till it will just solidify on cooling, not fused) in 3 or 4 
parts of alcohol of at least 92 per cent., and filter ; place the solution in 
the receiver, which should be kept cool. Apply heat to the retort and 
pass the hydrocyanic acid vapor into the potash, continuing the distil- 
lation till the residue begins to bump. The potash should remain in 
slight excess at the end of the Operation. Filter the saline mass by 
suction, wash with a little alcohol, allow to drain thoroughly, dry in a 
porcelain dish and preserve in a well-closed bottle. 


b. Salta of Alkaline Earths. 

§ 6a. 

i. Chloride of Barium (see “ Qual. Anal”)* 

The following process gives a very pure chloride of barium, free 
from lime and strontia : — Transmit through a concentrated solution of 
the impure salt hydrochloric gas, as long as a precipitate continues to 
form. Nearly the whole of the chloride of barium present is by this 
means separated from the solution, in form of a crystalline powder. 
Collect this on a filter, let the liquid drain pff (it is best to apply 
suction), wash repeatedly with small quantities of pure hydrochloric 
acid, until a sample of the washings, diluted with water, and precipitated 
with sulphuric acid, gives a filtrate which, upon, evaporation in a 
platinum dish, leaves no residue. The hydrochloric mother-liquor 
serves to dissolve fresh portions of witherite, I make use of the 
chloride of barium so obtained, principally for the preparation of per- 
fectly pure carbonate of baryta, which is often required in quantitative 
analysis. 

2. Acetate of Baryta. 

Preparation. — Dissolve pure carbonate of baryta in moderately dilute 
acetic acid, filter, and evaporate to crystallization. 

Tests . — Dilute solution of acetate of baryta must not be rendered 
turbid by nitrate of silver* See also Chloride of barium. 

Quant, vol. i. 


h 
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lj ses . — Acetate of baryta is used instead of chloride of barium, to 
effect the precipitation of sulphuric acid, m cases where it is desirable 
to avoid the introdftotion of a chloride into the solution, ot to conv rt 
the base into an acetate. , As the reagent is seldom required, it is best 
kept in crystals. 

3, Carbonate of Baryta (see u Qual. Anal. ). 

4. Chloride of Strontium, 

Preparation. — Chloride of strontium is prepared from strontianite or 
celestine, by the same processes as chloride# barium. (See Qual. 
Anal.’”) The pure crystals obtained are d&olved in spirit of wine 
of 06 per cent., the solution is filtered, and kept for use. 

y Caea— The alcoholic solution of chloride of strontium is used to 
offset the conversion of alkaline sulphate^ into chlorides, where it is 
desirable to avohl the introduction into the fluid of a salt msolublo 
in spirit of wine. 

ij. Chloride of Calcium (see “Qual. Anal”). 

6. Sulphate of Magnesia (see “ Qual. Anal.”), 

This reagent is principally ‘used to precipitate phosphoric acid or 
arsenic acid from aqueous solutions. The solution required for this 
purpose should be kept ready prepared; it is made by dissolving 1 
part of crystallized sulphate of magnesia and 2 parts of pure chloride ot 
ammonium in 8 parts of water and 4 parts of solution of ammonia, 
allowing the fluid to stand at rest for several days, and then filtering. 
This solution is sometimes called magnesia-mixture. 

* 

0. Salts of the Oxides of tha Heavy Metals. 

§ 6 3 ‘ 

X. Sulphate of Protoxide of Iron (see “ Qual. Anal.”). 

2. Sesquichloride of Iron (see “ Qual. Anal. ). 

3. Acetate of Sesquioxjde of Uranium. 

Heat finely powdered pitchblende with dilute nitric acid, filter the 
fluid from the undissolved portion, and treat the filtrate with hydrosu - 
phuric acid, to remove the lead, copper, and arsenic; filter agam, 
evaporate to dryness, extract the residue with water, and filter the 
solution from the oxides of iron, cobalt and manganese. Nitrate ot 
sesouioxide of uranium crystallize! from the filtrate; punfy this by 
recrvstalKzation, and then heat the crystals until a small portion ot the 
jJLuioxide of uranium is reduced. Warnwthe yellowish-red^ mass thus 
Sued with acetic acid, filter and let Jfce, filtrate crystalhze. The 
crystals are acetate of sesquioxide of unifiium,. and the mother-hquo 
c7n£ the uadecomposwl ^. e Mlt 

still more convetfUntly pwpawd from ^ 1 commercial compound ^ 
soda and sesquioxideef oarntm,* as f#ws. Digest i PJ* * 
substance with a-pdrts acetic amd of roj8 sp.gr., then add a* 
water, heat, filter.AMporate and crystalhze. The uranium in the last 
mother-liquors may be precipitated by ammonia. 

* This may be obtained from the K.K. Bergoberamt, Joachimuthal. 
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Residues may be worked up as follows. Pour off, the clear liquor 
from any deposit of phosphate of uranium and precipitate the uranium 
in it with phosphate of soda, wash the precipitate by decantation and 
add it to the deposit. Dissolve in hydrochloric acid, add sesquichloride 
of iron till a sample gives a brownish precipitate on addition of 
carbonate of ammonia, dilute and then add to the solution, which 
should contain a sufficient excess of hydrochloric acid, an excess of 
solution of common carbonate of soda. All the phosphoric acid will be 
thrown down as basic pbttphate of sesquioxide of iron, the sesquioxide 
of uranium will remain ST the solution which contains bicarbonate of 
soda. Filter, wash, acidify the filtrate with hydrochloric acid, heat till 
the carbonic acid is expelle^ and precipitate the sesquioxide of urapjnm 
in the heat by ammonia.. ♦ 'Wash and dissolve in acetic acid T (E. 
Reiohard*). 

Tests . — Solution of acetate of sesquioxide of uranitim after acidifica- 
tion with hydrochloric acid must not be altered byjbydrosulphuric acid ; 
carbonate of ammonia must produce in it a precipitate, soluble in an 
excess of the precipitant, ,A sample of the dilute solution should 
acquire a red tint when mixed with a little sulphuric 'acid and a drop of 
permanganate^ of potassa (absence of a salt of protoxide of uranium). 

Uses. — Acetate of sesquioxide of uranium may serve, in many cases, 
to effect the separation and determination of phosphoric acid and arsenic 
acid. j£. 

4. Nitrate op Silver (see “ Qua!. Anal.”). * 

5. Acetate of Lead (see “ Qual. Anal.”). 

6 . Chloride op Mercury (see “ Qua!. Anal.”). 

7. Protoohloride op Tin (see “ Qual. Anal”), - 

8. Bichloride op Platinum (see “ Qual. Anal.”). 

It is convenient to know approximately the strength of this solution. 
Let 10 or 20 c.c. contain 1 grm. platinum. 

9. Sodio-Protoohlobidh op Palladium (see “ Qual. Anal.”). 

* ■■■£ 

& REAGENTS FOR GRAVIMETRIC ANALYSIS 
IN THE DRY WAY. 

§64. 

x. Carbonate of Soda, pureAnhydrous (see “Qual. Anal.”). 

2. Mixed Carbonates op Soda and Potassa (see “QuaL 

Anal”). ^ 

3. Hydrate op BaryTa (see “ Qual, Anal.”) 

4- Nitrate op Potassa (see “ Qual, Anal.”), 

5. Nitrate op Soda (see “ Qual Anal.”). 

6 . Borax (fused). v • ; 

tin crystallized borax (see “ Qual AbrL”) in a pla- 

um or porcelain dish, until there is ho further intumescence ; reduce 

6 P orou s mass to powder, and heat this in a platinum crucible until 


* Zeitschr. t anal. Chem. 8, 116, 
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it is fused to a transparent mass. If it is not required for immediate 
use, pour the semi-fluid, viscid mass upon a fragment of porcelain. A 
better way, in the latter case, is to fuse the borax on a piece of pla- 
tinum gauze, by making the gas blowpipe-flame act upon it. The drops 
are collected in a platinum dish. The vitrified borax obtained is kept 
in a well-stoppered bottle. But as it is always necessary to heat the 
vitrified borax previous to use, to make quite sure that it is perfectly 
anhydrous, the best way is to prepare it only when required. 

Uses. — Vitrified borax is used to effect the expulsion of carbonic acid 
and other volatile acids, at a red heat. 

7. Bisulphate of Potassa. 

Preparation. — Mix 87 parts of neutral sulphate of potassa (see " Qual. 
Anal.”), in a platinum crucible, with 49 parts of sulphuric acid, and 
heat to gentle redness, until the mass is in a state of calm fusion. Pour 
the fused salt on a fragment of porcelain, or into a platinum dish stand- 
ing in cold water. After cooling, break the mass into pieces, and keep 
for use. • 

Uses. — This reagent serves as a flux for certain native compounds of 
alumina and sesquioxide of chromium. Bisulphate of potassa is used 
also, as we have already had occasion to state, for the cleansing of 
platinum crucibles ; for this latter purpose, however, the salt which is 
obtained in the preparation of nitric acid, will be found sufficiently 
pure. * 

8. Bisulphate of Soda. 

Preparation. — Like the previous salt, using 7 1 parts of pure sulphate 
of soda and 49 parts sulphuric acid. 

Uses. — The bisulphate of soda serves the same purposes as the bi- 
sulphate of potassa, and is to be substituted for it when, as in the fusion 
of corundum, alum may crystallize out to the annoyance of the analyst 
(L. Smith*). 

9. Fluoride of Potassium and Hydrogen. 

Preparation . — Neutralize a (kfinite quantity of hydrofluoric acid in 
a platinum dish with pure carbonate or hydrate of potassa, finally 
applying heat; then add a quantity of hydrofluoric acid equal to that 
first used, and evaporate to dryness. It is usual to prepare this sub- 
stance immediately before it is required; if it is to be preserved, a gutta- 
percha vessel must be used. 

Tests. — The following tests should produce no change — namely, 
sulphuretted hydrogen, ammonia, ammonia and sulphide of ammonium, 
carbonate of ammonia, and ammonia 'and phosphate of soda. 

Uses . — This preparation is a valuable flux for many minerals which 
are usually considered very refractory, such as tinstone and chromic iron 
(Gibb8+). 

(ov FlupH idb of Ammonium and Hydrogen, 

Pqjjjjl&itivn . — To hydrofluoric acid or hydrofluosilicicacid, best in a 
platinnWuish, add ammonia to strongly alkaline reaction, allow to 
stand for some time at a gentle heat, filter if necessary, and evaporate 
the filtrate in a platinum dish to dryness. Half the ammonia will 


* Zeitschr. f. anal. Chem. 4, 412. 


fib. 3, 399. 
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escape, the above salt remaining behind. If it is to be preserved, a 
gutta-percha vessel must be used. 

Tests . — Like fluoride of potassium and hydrogen. Also a sample 
heated in platinum should leave no fixed residue. The last test should 
be applied in the open air or under a good draught. 

Uses . — This preparation may be very advantageously substituted for 
hydrofluoric acid in the analysis of silicates. 

11. Carbonate op Ammonia (solid). 

Preparation . — See “ Qual. Anal." — This reagent serves to convert 
the bisulphates of the alkalies into neutral salts. It must completely 
volatilize when heated in a platinum dish. 

12. Nitrate of Ammonia. 

Preparation . — Neutralize pure carbonate of ammonia with pure nitric 
acid, warm, and add ammonia to slightly alkaline reaction ; filter, if 
necessary, and let the filtrate crystallize. Fuse the crystals in a pla- 
tinum dish and pour the fused mass on a piece of porcelain ; break into 
pieces whilst still warm, and keep in a well-stoppered bottle. 

Tests. — Nitrate of ammonia must leave no residue when heated in a 
platinum dish. 

Uses . — Nitrate of ammonia serves as an oxidizing agent ; for in- 
stance, to convert lead into oxide of lead, or to effect the combustion 
of carbon, in cases where it is desired to avoid the use of fixed salts. 

13. Chloride op Ammonium. y 

Preparation cmd Tests .— See “ Qual. Anal.” 

Uses . — Chloride of ammonium is often used to convert metallic 
oxides and acids, e.g., oxide of lead, oxide of zinc, binoxide of tin, 
arsenic acid, antimonic Acid, <fcc. into chlorides (ammonia and water 
escape in the process). Many metallic chlorides being volatile, and 
others volatilizing in presence of chloride of ammonium fumes, they 
may be completely removed by igniting them with chloride of ammo- 
nium in excess, and thus many compounds, e.g., alkaline antimonates, 
may be easily and expeditiously analysed. Chloride of ammonium is 
also used to convert various salts with other acids into chlorides, e.g., 
small quantities of alkaline sulphates, 

14. Hydrogen Gab. 

Preparation. — Hydrogen gas 'is produced by the action of dilute 
sulphuric acid on granulated zinc. It is best purified from traces of 
foreign gases by passing first through chloride of mercury solution, 
then through potash- solution. If the gas is desired dry, pass through 
sulphuric acid or a chloride of calcium tube. If the hydrogen does not 
come off easily, add a drop of bichloride of platinum. 

Tests. — Pure hydrogen gas is inodorous. It ought to bum from a 
platinum jet with a colorless, non*luminous flame, which, when cooled 
b y depressing a porcelain dish upon it, must deposit nothing on the 
surface of the dish except pure water (free from acid reaction). 

(Taes, --Hydrogen gas is frequently used, in quantitative analysis, to 
reduce oxides, chlorides, sulphides, (fee., to the metallic state, and also 
0 protect certain bodies, such as metallic sulphides, from the atmo- 
sphere during ignition. 
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15. CnLORINE. 

Preparat ion.— See « QuaL Anal."— Chlorine gas is purified and dried 
by transmitting it through a TJ-tube containing fragments of bmoxule 
of manganese , then through concentrated sulphuric acid, or a chloride 

of calcium tube. , . . , , , 

lf m —Chlorine gas serves principally to produce chlorides, and to 
separate the volatile from the non-volatile chlorides ; it is also used to 
displace and indirectly determine bromine and iodine, and to convert 
lower chlorine compounds into higher. 

C. REAGENTS USED IN VOLUMETRIC ANALYSIS. 


Under this head are arranged the most important of those sub- 
stances which serve for the preparation and testing of the fluids 
required in volumetric analysis, and have not been given under A and A 

1. Pure Crystallized Oxalic Aoid. 

The introduction of crystallized oxalic acid as a basis for alkalimetry 
and acidimetry is due to Fr. Mohr. It is also employed to standardize 
a solution of permanganate of potassa, 1 equivalent of permangamcacid 
being required to convert 5 equivalents of oxalic acid ^into carbonic 
acid (Mn> r + 2 SO, + 5 0 , 0 ,’ = 2 (MtfO, S 0 8 ) + -io OOX We nisemmost 
cases the pure crystallized acid which has the formula C t O„HO + 1 aq., 
and whose equivalent is accordingly 63.. . . 

Preparation. — Treat powdered oxalic acid of Commerce, m a flask, 
with lukewarm distilled water, in such proportion as will leave a large 
amount of the acid undissolved, and shake (Mom). Filter, crystallize 
by rapid cooling, and let the crystals drain; then spread them out on 
blotting-paper, and let them get thoroughly dry, at the common 
temperature, in a place free from dust; or press them gently between 
sheets of blotting-paper, and repeat the operation with fresh sheets, 
until the crystals are quite dry. . . 

f es ts. The crystals of oxalic acid must not show the least sign ot 

efflorescence (to which they are liable even at 20° in a dry atmosphere) ; 
they must dissolve in water to a perfectly clear fluid ; when heated in a 
platinum dish, they must leave no fixed and incombustible residue (car- 
bonate of lime, carbonate of potassa, &c.). If the acid obtained by a first 
crystallization fails to satisfy these requirements, it must be recrystallized. 
In this case the strength of the solution should be so adjusted that 
not more than 10 or 20 per cent, of the acid may crystallize out at first ; 
this crop wffl^mtaiff the foreign salts. Remove these crystals, and 
evaporate djBpiber^iquor further to obtain a second crop, consisting 
of the pur^P^:'|; 

2. Tinotwb qf Litmus, 1 A . . 

Prevaratiw~Vtepti x part of fifcmia of commerce with 6 parts of 
water on the for some time, filter, divide the blue fluid into 

2 portions, and saturate, in one-half the. free alkali, by stirring re- 
peatedly with a glass rod dipped in very dilute nitric acid, until m 

* Considered as a monobasic acid. 
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color just appears red ; add the remaining blue half, together with 
i part of strong spirits of wine, and keep the tincture, which is now 
ready for use, in a small open bottle, not quite full, in a place pro- 
tected from dust. In a stoppered bottle the tincture would speedily 
lose color. . 

Tests.-— Litmus tincture is tested by coloring with it about joo c.c. 
o{ water distinctly blue, dividing the fluid into two portions, and adding 
to the one the least quantity of a dilute acid, to the other a trace of 
solution of soda. If the one portion acquires a distinct red, the other 
a distinct blue tint, the litmus tincture is fit for use, as neither acid nor 
alkali predominates. 

3. Permanganate of Potass a. 

Preparation . — Mix 8 parts of very finely powdered pure pyrolusite 
or the oxide of manganese left by gentle ignition of the carbonate, 
with 7 parts of chlorate of potassa, put the mixture into a shallow cast- 
iron pot, and add 37 parts of a solution of potassa of 1*27 sp. gr. (the 
same solution as is used in organic analysis*) 3 evaporate to dryness, 
stirring the mixture during the operation 3 put the residue, before it 
has absorbed moisture, into an iron or Hessian crucible, and expose to 
a dull-red heat, with frequent stirring with an iron rod or iron spatula, 
until no more aqueous vapors escape, and the mass is in a faint glow. 
Remove the crucible now from the fire, and transfer the friable mass to 
an iron pot. Reduce to coarse ponder, and transfer this, in small 
portions at a time, to an iron vessel containing 100 parts of boiling 
water; keep boiling, replacing the evaporating water, and passing a 
stream of carbonic acid through the fluid (Mulder). The originally 
dark-green solution of manganate of potassa soon changes, with sepa- 
ration of hydrated binoxide of manganese, to the deep violet-red of the 
permanganate. When it is considered that the conversion is complete, 
allow to settle, fc&ke out a small quantity of the clear liquid, boil and 
pass carbonic acid through it. If a precipitate forms the conversion is 
not yet complete. 

The following method, recommended by STiDELER,t is more rapid. 
After the fusion, reduce the product to powder, transfer to a flask, and 
macerate with an equal weight pf cold water, then add the same quantity 
of water, and pass chlorine with frequent shaking till the color is a pure 
rod. Dilute with four times its volume of water, and allow to settle. 
In this way the yield ill increased by half, since no binoxide of 
manganese is thrown down. On the other hand, if the fused mass con- 
tains excess of potassa, chlorate of potassa may be formed, which will 
interfere with the purity of the crystals obtained. 

When the red solution, prepared in one or other of the above ways, 
nas been allowed to settle, pour it .off, wash the deposit by decantation, 
mix the two fluids, evaporate over the fire to the crystallizing point, 
and allow to cool. The mother-liquor, if evaporated again, will yield 
another crop of . crystals. V A* ■ third crop cannot be obtained, as the 
hquor will contain too Uxu<$ ohloride of potassium ; it may be used for 
preparing binoxide of manganese, If the crystals are not pure enough, 

* Or instead of the solution, use ten parts of the hydrate (K O, H 0 ). In this 
into th 6 * n d the chlorate together first, and then project the manganese 

t Journ, f. prakt. Chera. 103, 107. 
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they may be recrystallized with ease. They are dried on a plate of 
plaster of Paris. 

If it is necessary to filter a solution of permanganate of potassa, 
this may be done through gun-cotton, asbestos, or previously ignited 
sand. 

4. Ammonio-Sulphate of Protoxide of Iron. 

(FeO,S 0 8 + NH 4 0 ,S 0 8 + 6 aq.) 

Fr. Mohr has proposed to employ this double salt, which is scarcely 
liable to efflorescence and oxidation, as an agent to determine the 
strength of permanganate solution. 

Preparation . — To two parts of water add one part of sulphuric acid, 
and divide into two equal portions. "Warm one with a moderate excess 
of small iron nails free from rust, until the evolution of hydrogen gas 
has altogether or very nearly ceased. Warm the other portion, ami 
add carbonate of ammonia in coarse powder till the fluid is neutral. 
Now add to the iron solution a few drops of dilute sulphuric acid, and 
filter it immediately. Filter the sulphate of ammonia if necessary, ami 
add a few drops of - dilute sulphuric acid. Mix the two warm filtrates 

in a porcelain dish, and stir till cold. Allow to stand some hours, 

collect the bluish-white powder in a funnel, remove the motlier-liqnor 
by suction, wash with a small quantity of spirit of wine diluted with 
half its volume of water, and then dry on blotting-paper, without heat, 
till the powder runs off a dry watch-glass like dry sand. Preserve in 
a well-closed vessel. 

The equivalent of the salt (196*04) is almost exactly 7 times that of 
iron (28). The solution of salt in water acidified with sulphuric 

acid must not become red on the addition of sulphocyanide of 

potassium. i; 

5. Pure Iodine. 

Preparation . — Triturate commercial iodine with \ of its weight of 
iodide of potassium, dry the mass in a large watch-glass with ground 
rim, warm this gently on a sand-bath, or on an iron plate, and as soon 
as violet fumes begin to escape, cover it with another watch-glass of 
the same size. Continue the application of heat until all the iodine is 
sublimed, and keep in a well-closed glass bottle. The chlorine or 
bromine, which is often found in commercial iodine, combines, in this 
process, with potassium, and remains in the lower watch-glass, with 
the excess of iodide of potassium. To carry out this operation on a 
larger scale, you may use a porcelain plate and large funnel, the rim of 
which is pasted down to the plate with strips of paper. 

Testy^Mfoto thus purified must leave no fixed residue when 
heated QjjBRtch-glass. 

Usetr ^ Tire iodine is used for the preparation of the solution of 
iodine in iodide of potassium, employed in many volumetric processes. 

6. Iodide op Potassium. 

For the preparation of iodide of potassium intended for analytical 
purposes I reoommend Baup's method, improved by Frederking, 
because the product obtained by this process is free from iodic acid- 
But it will not be worth while to make one's own iodide of potassium. 

Tests.— Vxxt a sample of the salt in dilute sulphuric acid. If ^ 
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iodide is pure, it will dissolve without coloring the fluid; but if it 
contain iodate of potassa, the fluid will acquire a brown tint, from the 
presence of free iodine (KI + HO + S0 8 = K0,S0 8 + HI and IO s + 5 HI 
= 5 HO + 6 1, which remain in solution in the hydriodic acid). 
Mix the solution of another sample with nitrate of silver, as long as a 
precipitate continues to form; add solution of ammonia in excess, 
shake the mixture, filter, and supersaturate the filtrate with nitric acid. 
The formation of a white, curdy precipitate indicates the presence of 
chloride of potassium. Presence of sulphate of potassa is detected by 
means of chloride of barium, with addition of hydrochloric acid. 

Uses. — Iodide of potassium is used as a solvent for iodine, in the 
preparation of standard solution of iodine : it is employed also to 
absorb free chlorine. In the latter case every equivalent of chlorine 
liberates an equivalent of iodine, which is retained in solution by the 
agency of the excess of iodide of potassium. The iodide of potassium 
intended for these uses must be free from iodate and carbonate of 
potassa; the presence of trifling traces of chloride of potassium or 
sulphate of potassa is of no consequence. If a solution of iodide of 
potassium of an exactly known strength is required, the salt must be 
powdered and dried at 180 0 till it ceases to lose weight, before being 
weighed out to make the solution. If the temperature during drying 
much exceeds 200 ° the formation of iodate is to be apprehended 
(Petteusson*). 

7. Sulphurous Acid. 

Preparation. — Conduct the sulphurous acid gas disengaged from 
copper turnings and sulphuric acid, and washed (see “ Qual. Anal.”) 
into water to saturation, and keep the solution in several well-corked 
bottles. 

This concentrated solution serves to prepare the highly dilute solu- 
tion of sulphurous acid used in Bunsen’s method of determining iodine. 

8 . Arsenious Acid, 

The commercial arsenious acid in large piecei; externally opaque, 
but often still vitreous within, is generally quite pure. The purity of 
the article is tested by moderately heating it in a glass tube, open at 
both ends, through which a feeble current of air is transmitted. Pure 
arsenious acid must completely volatilize in this process; no residue 
must be left in the tube upon th& expulsion of the sublimate from it. 
If a non-volatile residue is left which, when heated in a current of 
hydrogen gas, turns black, the arsenious acid contains teroxide of 
antimony, and is unfit for. use in analytical processes. Dissolve about 
10 ^ rm * of the arsenious acid to be tested in soda, and add one or two 
drops acetate of lead. If a brownish color is produced, the arsenious 
acid contains sulphide of arsenic and cannot be used. 

Arsenious acid is employed, in form of arsenite of soda, to determine 
hypochlorous acid, free chlorine, iodine, &c. 

9. Chloride op Sodium. 

Perfectly pure rock-salt is best suited for 'analytical purposes. It 
j&ust dissolve in water to a clear fluid, which must not be rendered turbid 
by oxalate of ammonia, phosphate of soda, or chloride of barium. Pure 


* Zeitsclir. f. anal. Cliem. 9, 363. 
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chloride of sodium may be prepared also by Marguerites process, 
viz., conduct into a concentrated solution of common salt hydrochloric 
gas to saturation, collect the small crystals of chloride of sodium which 
separate on a funnel, let them thoroughly drain,, wash with hydro- 
chloric acid, and dry the chloride of sodium finally in a porcelain dish, 
until the hydrochloric acid adhering to it has completely evaporated. 
The mother-liquor, which contains the small quantities of sulphate of 
lime, chloride of magnesium, &c., originally present in the salt, is at 
the next preparation of hydrochloric acid added to the ingredients m 
the retort, instead of a corresponding portion of water. 

Uses .— Chloride of sodium serves as a volumetric precipitating 
agent in the determination of silver, and also to standardize solutions 
of silver intended for the estimation of chlorine. We .usually fuse it 
before weighing. The operation must be conducted with caution and 
must not be continued longer than necessary; for if the gas-fiame acts 
on the salt, hydrochloric acid escapes, while carbonate of soda ia 
formed. 

io. Metallic Silver. 

The silver obtained by the proper reduction of the pure chloride of 
the metal alone can be called chemically pure. The silver precipitated 
by copper, is never absolutely pure, but contains generally about of 

copper. , . 

Chemically pure silver is only used in small quantity for standard- 
izing the chloride of sodium solution employed for the determination of 
silver. The solution of silver required for the estimation of chlorine 
need not be made with absolutely pure silver, as it is best standardized 
afterwards with chloride of sodium. 


D. REAGENTS USED IN ORGANIC ANALYSIS. 

* §66 
i. Oxide or Copper. 

Preparation . — Stir pure copper scales (which should be first ignited 
in a muffle) with pure nitric acid in a porcelain dish to a thick paste ; 
after the effervescence has ceased, heat gently on the sand-bath until 
the mass is perfectly dry. Transfer the green basic salt produced to a 
Hessian crucible, and heat to a moderate redness, until no more fumes 
of hyponitric acid escape ; this may be known by the smell, or by in- 
troducing a small portion of the mass into a test tube, closing the latter 
with the finger, heating to redness, and then looking through the tube 
lengthways. The uniform decomposition of the ..'jut in the crucible 
may be prom oted b y stirring the mass from time to time with a hot 
glass rod. Jfljttpbhe crucible has cooled a, little, reduce the mass to 
a tolerably^^Hpwder, pass through a metal sieve, and keep in a well 
stoppered Wm far use. It is always .advisable to leave a small 
portion of the a^da in^the crucible, and to expose this agam to an 
intense red heajpTliis eggiuinated portion is not pounded, but simply 

broken into small fragments. . ,, v 

Teats . — Pure oxide of copper is a oompact, heavy, deep-biac* 
powder, gritty to the touch. Upon exposure to a red heat in a tube ot 
hard glass with a current of air passing through, it must give no acid 
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fnmes (hyponitric acid, sulphuric acid, hydrochloric acid, selemous acid 
XleotI) nor carbonic acid (from charcoal or dust). It must contain 
IV, 01 ' J;, h i 8 ; a OT ter. That portion of the oxide which has been 
n0 m f to am intense red heat should be hard, and of a greyish-black 


C0l0 L s -Oxide of copper serves to oxidise, the carbon and hydrogen 
„f organic substances, gelding up its oxygen wholly or m part, accord- 

tovt 0 m°r » ri^rs ^ic^r - ^ ° f 

y 611 Should, it have become mixed with alkaline or alka- 

with very dilute cold nitric acid, 

and washed afterwards with water. 

2. Chromate of Lead. 

Prevaration . — Precipitate a clear filtered solution of acetate of lead 
filislitly acidulated with acetic acid, with a small excess of lc ro ^^ 
of potessa; wash the precipitate by decantation ®d rt last t/K>ro«y/i ,y 
^ a 1,'nArt strainer • drv. put into a Hessian crucible, and neat to 
bright redness until the mass is fairly in fusion. Pour out upon a stone 
'kb or iron pll, break, pulverize/pass through a fine metafile sieve, 

and keep the tolerably fine powder for use. vollowish- 

Tests .-Chromate of lead is a heavy powder, of a dirty yenomsh 
brown color. It must evolve uo carbonic acid upon ignitio^tbeevo- 
tion of carbonic acid would indicate contamination with organic matter, 
dust, &c. It must contain nothing soluble in water. 

Uses. — Chromate of lead serves, like oxide of ~ forth ^ 
bustion of organic substances. It is converted, “ th l? “? w d it 

bustion, into sesquioxide of, chromium and basic chromate of lead^It 

sufl'evs the same decomposition, with evolution of ® x y g > , . . 

by itself above its point of fusion. The property of, chromate of lead to 
fuse at a red beat lenders it preferable to oxide of copper for difficultly 

combustible substances. , r^ir- 

N.B. Chromate of lead may be used a second time. For th p 
pose it is fused again (being first washed if necessary), 
dered. After hiving W twice used it is powdered, moirtened with 
nitric acid, dried, andfqred. In this way the chromate of lead may be 
used over and oyer again indefinitely (Vohl ). 

2. Oxygen Gas. 

PnparaUon.-1$,m)m too grm. chlorate of if*® 
finely powdered binoxide* of manganese, and introduce g the 
a plain retort, which must ^t be more tb f ^ “'hfSthen 
retort, over a charcoal fire era gas lamp, at first to sgenrteand hen 
to a gradually increased b*t. As soon as the sd begms te fee, 
shake the retort a little, th&| the contents may *> L^dhSdbTat^ a 
The evolution of oxygen speedily commences, and P • J? a/bered 
relatively low temperatur^'provided the above propo , , 

to. As soon as the air 2 expelled from the retort, connect the glass 

# Armal. d. Chem. a. Pharm. 106, 127 * 
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tube, fixed in the neck of the retort by means of a tight-fitting p Pr . 
forated cork, with an india-rubber tube inserted into the lower oritice 
of the gasometer ; the glass tube must be sufficiently wide, and there 
must be sufficient space left around the india-rubber to permit the free 
efflux of the displaced water. Continue the application of heat to the 
retort until the evolution of gas has ceased. 

ioo grm. chlorate of potassa give about 2^ litres of oxygen. 

The oxygen produced by this process is moist, and may contain 
traces of carbonic acid gas, and also of chlorines These impurities 
must be removed, and the oxygen gas thoroughly dried, before it can 
be used in organic analysis. The gas is, therefore, passed from the 
gasometer, first through a solution of potassa of 1-27 sp. gr., then 
through IJ-tubes containing granulated soda-lime, and finally according 
to circumstances, through U-tubes containing chloride of calcium or 
pumice moistened with sulphuric acid. 

Tests. — A chip of wood which has been kindled and blown out, so 
as to leave a spark at the extremity, must immediately burst into flame 
in a current of oxygen gas. The gas must not render lime-water, or 
solution of nitrate of silver, turbid when transmitted through those 
fluids. 

4. Soda-lime. 

Preparation. — Take solution of caustic soda, ascertain its specific 
gravity, weigh out a certain quantity, calculate the weight of the 
hydrate of soda present, add twice this latter weight of the best quick- 
lime, allow the lime to slake, and then evaporate to dryness in an iron 
vessel. Heat the residue in an iron or Hessian crucible, keep for some 
time at a low red heat, break up the lumps while still warm in an iron 
mortar, passing the whole through a sieve with meshes 3 mm. wide. 
Sift again with a mesh 2 mm. wide. The grains which remain on the 
sieve, and the finer portion which passes through, are kept separately 
in well-closed bottles. 

Tests. — Soda-lime must not effervesce too much when treated with 
dilute hydrochloric acid in excess ; but more particularly it must not 
evolve ammonia when mixed with pure sugar, and heated to redness. 

Uses. — Granulated soda-lime forms an excellent absorbent for car- 
bonic acid, the powder serves for the analysis of nitrogenous organic 
substances. 

5. Metallic Copper. 

Metallic copper ayves, in the analysis of nitrogenous substances, 
to effect the reductioRt j jj fe tric oxide that may form in the course 
of the process. 

It is used either in the form of turnings, or in that of close spirals 
of wire ; or of small rolls made of thin sheet copper. A length of from 
7 to 10 cm. is given to the spirals or rolls and just sufficient thickness 
to admit of their being inserted into the combustion tube. To have it 
perfectly free from dust, oxide, <fcc., it is first heated to redness in the 
open air in a crucible, until the surface is oxidized ; it is then put into 
a glass or porcelain tube, through which an uninterrupted current of 
dry hydrogen is transmitted ; and when all atmospheric air has been 
expelled from the evolution apparatus and the tube, the latter is in its 
whole length heated to redness. The operator should make sure that 
the atmospheric air has been thoroughly expelled, before he proceeds 
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to apply heat to the tube ; neglect of this precaution may lead to an 
explosion. 

6. POTASSA. 


a. Solution of Potassa. 

Solution of potassa is prepared from the carbonate, with the aid of 
milk of lime, in the way described in the “ Qualitative Analysis,” for 
the preparation of solution of soda. The proportions are— i part of 
carbonate of potassa to 12 parts of waters and § part of lime, slaked to 
paste with three times the quantity of wsJJm water. 

The decanted clear solution is evapoi; ted in an iron vessel, over a 
strong fire, to a specific gravity of 1*27^ J it is then, whilst still warm, 
poured into a bottle, which is well closetj ( and allowed to stand at rest 
until all solid particles have subsided, f The clear solution is finally 
drawn off from the deposit, and kept fornse. 

b. Hydrate of Potassa (common).! ] 

The commercial hydrate of potassa m sticks will answer the pur- 
pose. If you wish to prepare it, evapcljte solution of potassa (a) in a 
silver vessel, over a strong fire, until tne| residuary hydrate flows like 
oil, and white fumes begin to rise from the surface. Pour the fused 
mass out on a clean iron plate, and break it up into small pieces. 
Keep in a w^l-stoppered bottle for use. 

c. Hydrc^OpPotassa (purified with alcohol), see “ Qual. Anal.” 

Uses.— Solution i$*potassa serves for the absorption, and at the 
same time for the estimation of carbonic acid. In many cases, a tube 
filled with hydrate of potassa is used, in addition to the apparatus filled 
with solution of potassa. Hydrate of potassa purified with alcohol, 
which is perfectly free from sulphate of potassa, is employed for the 
determination of sulphur in organic substances. 


7. Chloride op Calcium. 
a. Pure Chloride of Calcium. 

Preparation . — Take the residue of the preparation of ammonia, which 
consists of basic chloride of calcium, and digest it with warm water ; or 
else dissolve some carbonate of lime or lime in common hydrochloric 
acid and water. If necessary, digest this impure solution with some 
hydrate of lime, so that the fluid may be strongly alkaline, and add 
some sulphide of calcium, till after digestion for some time a sample 
filtered off is not darkened by sulphide of ammonium. Now filter, 
render the solution barely acid with hydrochloric acid, evaporate in a 
porcelain dish, filter off the separated sulphur if necessary, evaporate in 
a porcelain dish to dryness, and expose the residue for several hours 
to a tolerably strong heat (about 200°), on the sand-bath. The white 
porous mass obtained consists of CaCl + 2 aq. 


b. Crude fused Chloride of Calcium. 

Preparation . — Digest the impure solution of chloride of calcium 
obtained as in a with a little hydrate of lime, filter, neutralize exactly 
with hydrochloric acid, evaporate to dpyness in an iron pan, fuse in an 
iron or Hessian crucible, pour out, and break into {pieces. Preserve it 
in well-stoppered bottles. 
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Uses . — The crude fused chloride of calcium serves to dry moist 
gases ; the pure chloride is used in organic analysis for the absorption 
and estimation of the water formed from the hydrogen in the substance. 

’ nride of calcium must not show an alkaline 

POTASSA. 


me solution oi tne pure cm 
reaction. ' \ 

8. Bichromate of' 


The commercial salt is p x) 
sample dissolved in water gi| 
completely soluble in hydrocl 
Bichromate of potassa tl 
required more particularly f< 
a view to the estimation of 
for other purposes, e.g ., to d| 
heating them with chromate 
tallization is sufficient. 


ied by repeated recrystallization, until a 
res a precipitate with chloride of barium 
l F oric acid. 

:S perfectly free from sulphuric acid is 
J the oxidation of organic substances with 
peir sulphur. ‘Where the salt is intended 
[Pennine the carbon of organic bodies, by 
Vt potassa and sulphuric acid, one recrys- 
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FORMS AND COMBINATIONS IN WHICH SUBSTANCES ARE SEPA- 
RATED FROM EACH OTHER, OR IN WHICH THEIR WEIGHT 

IS DETERMINED. 

§67. 

The quantitative analysis of a compound substance requires, as the 
first and most indispensable condition, an accurate knowledge of the 
composition and properties of the new combinations, into which it is 
intended to convert its constituents, for the purpose of separating them 
from one another, and determining their several weights. Regarding 
the properties of the new compounds, we have to inquire more parti- 
cularly, in the first place, how they behave with solvents ; secondly, 
what is their deportment in the air ; and, thirdly, what is their beha- 
viour on ignition. It may be laid down as a general rule that com- 
pounds are the better adapted for being weighed the more insoluble 
they are, and the less alteration they undergo upon exposure to air or 
to a high temperature. 

The composition of bodies is expressed either in per-cents, or in 
stoichiometrical formulae; by means of the latter, the constitution of 
the more frequently recurring compounds may be easily remembered. 
In this Section the the substances treated of is given in 

three different ways/l^C! first column gives the 
composition of the substan^n^^S^HHHHHKtecond, in equivalents 
(H=i); the third, in per-cents. its composition, a 

compound is the better adapted for the quantililrfle determination of a 
body the less it contains relatively of that body; since any error or loss 
of substance that may occur in the course of the analytical process will 
exercise the less influence upon the accuracy of the results. Thus, 
ammonio-bichloride of platinum, for instance, is, in this respect, better 
adapted than chloride of ammonium, for the determination of nitrogen ; 
since the former contains only 6*295 per cent., while the latter contains 
2 6 ’ 2 4 per cent, of the element in question. 

. Suppose we have to analyse a nitrogenous substance ; — we estimate 
its nitrogen in the form of bichloride of platinum and chloride of 
ammonium. When the process is conducted with absolute accuracy, 
* 3 00 grm. of the analysed body yields 1*000 grm. of ammonio-bichloride 
of platinum : 100 parts of this double chloride contain 6*295 parts of 
mtrogen, roop contains therefore '062^5 of that element. These *06295 
been derived from *300 of "substance; 106 parts of the analysed 
b °w Conse q ue ntly, contain 20*983 of nitrogen. 

We now make a second analysis, in which we convert the nitrogen 
°f the substance into chloride of ammonium : we again conduct the 
process with absolute accuracy, and obtain from *300 of the substance, 
2 399 of chloride of ammonium, corresponding to *06295 of nitrogen, or 
20 ‘ 9«3 per cent. 
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Now, let us assume a loss of io milligrammes to have occurred in 
each process : — this will alter the result, in the first instance, from rooo 
to *990 of bichloride of platinum and chloride of ammonium, correspond- 
ing to *06232 of nitrogen, or 2077 per cent. ; the loss of nitrogen will 
therefore be 2 0*963 - 20770 = *213. 

In the second Instance the result will be altered from '2399 to • 22 gt) 
of chloride of ammonium, corresponding to '0603 of nitrogen, or 207 
per cent The loss in this case will consequently amount to -823. 

We see here that the same error occasions, in the one case, a loss 
of *213 per cent., with respect to the amount of nitrogen; whilst, in 
the other case, the loss amounts to *873 per cent. 

We will now proceed to enumerate and examine those combinations 
of the several bodies which are best adapted for their quantitative 
determination. The description given of the external form and appear- 
ance of the new compounds relates more particularly to the state in 
which they are obtained in our analysis. With regard to the properties 
of the new compounds, we shall confine ourselves to the enumeration 
of those which bear upon the special object we have more immediately 
in view. 

A. — Forms in which the bases are weighed or precipitated. 

BASES OP THE FIRST GROUP. 

§ 68 . 

I. PoTASSA. 

The combinations best suited for the weighing of potassa are, sul- 
phate of potassa, nitrate of potassa, chloride of potassium, 
BICHLORIDE OF PLATINUM AND CHLORIDE OF POTASSIUM (potassio- 
bichloride of platinum). 

a. Sulphate of potassa crystallizes usually in small, hard, straight, 
four-sided prisms, or in double six-sided pyramids; in the analytical 
process it is obtained as a white crystalline mass. It dissolves with 
some difficulty in water (1 part requiring 10 parts of water of 12 0 ), it is 
almost absolutely insoluble in pure alcohol, but slightly more soluble in 
alcohol oontaining sulphuric acid (Expt. No. 6). It does not affect vege- 
table colors; it is unalterable in the air. The crystals decrepitate strongly 
when heated, yielding at the same, time a little water, which they hold 
mechanically confined. The decrepitation of crystals that have been 
kept long drying is less marked. At a good red heat the salt fuses 
without volatilizing or decomposing. At a white heat a little of the 
salt volatilizes and also some sulphuric acid, so that the residue pos- 
sesses an alkaline reaction (Al. Mitscherlich,* BoussingaultI). 
When exposed to a red heat, in conjunction with chloride of ammonium, 
sulphate of potassa is partly, and, upon repeated application of the pro- 
cess, wholly converted, with effervescence, into chloride of potassium 
(H. Rose). • 

' V composition/ 

* KO . . . . 47’ i 3 54'°9 

SO f ... . 40*00 45*9i 

87*13 100*00 

* Jourtt. f. prakt. Chem. 83, 486. 


t Zeitschr. f. anal. Chem. 7, 244* 
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Bisulphate of potassa (KO,SO s , + JI0,S0 3 ), which is always pro- 
duced when the neutral salt is evaporated to dryness with free sulphuric 
acid, is readily soluble in water, and fusible even at a moderate heat. 
At a red heat, it loses half its sulphuric acid, together with the basic 
water, but not readily— the complete conversion of the acid into the 
neutral salt requiring the long-continued application of an intense red 
heat. However, when heated in an atmosphere of carbonate of am- 
monia — which may be readily* procured by repeatedly throwing into 
the faint red-hot crucible containing the bisulphate , small lumps of 
pure carbonate of ammonia, and putting on the lid — the acid salt 
changes readily and quickly to the neutral sulphate. The transforma- 
tion may be considered complete as soon as the salt, which was so 
readily fusible before, is perfectly solid at a faint red heat. 

h. Nitrate of Potassa crystallizes generally in long striated prisms, 
in analysis it is obtained as a white crystalline mass ; it is readily soluble 
in water, nearly insoluble in absolute alcohol, and sparingly soluble in 
spirit of wine. It does not affect vegetable colors, and is unalterable 
in the air. On being exposed to a gentle heat, far below redness, it 
fuses unaltered and without any diminution of weight ; upon the ap- 
plication of a stronger heat, it changes into nitrite of potassa, with 
evolution of oxygen : and if the heat be increased to very intense 
redness, it becomes converted into caustic potassa, with evolution of 
oxygen and nitrogen. When ignited with chloride of ammonium, or 
in a stream of dry hydrochloric acid, it is readily and completely con- 
verted into chloride of potassium. When repeatedly evaporated with 
oxalic acid in excess, it is completely converted into oxalate of potassa. 
When evaporated with excess of hydrochloric acid repeatedly (4 to 6 
times), it is completely converted into chloride of potassium. 

COMPOSITION. 

KO > . . . 47*13 46*58 

NO, .... 54*04 53*42 

101*17 100*00 

c. Chloride of potassium crystallizes usually in cubes, often lengthened 
to columns; rarely in octahedra. In analysis we obtain it either in the 
former shape, or as a crystalline mass. It is readily soluble in water, 
hut much less so in dilute hydrochloric acid ; in absolute alcohol it is 
nearly insoluble, and but slightly soluble in spirit of wine. It does not 
affect vegetable colors, and is unalterable in the air. Wh§n heated, it 
decrepitates, unless it has been kept long drying, with expulsion of a 
little water mec hanical ly confined in it. At a moderate red heat, it 
fuses unaltered and without' diminution of weight ; when exposed to a 
higher temperature, it volatilizes in- white fumes ; this volatilization pro- 
ceeds the more slowly, the 'more effectually the access of air is pre- 
vented (Expt. No. 7). When repeatedly evaporated with solution .of 
oxalic acid in excess it is converted into oxalate of potassa. When 
evaporated with excess of nitric acid, it is converted readily and com- 
pletely into nitrate. On ignition with oxalate of ammonia, carbonate 
of potassa and cyanide of potassium are found in noticeable quan- 

Quant. vol, i. 
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COMl'OSITION. 

K 39 -1 3 5 2 '4 5 

01 .... . 35'46 47 S4 


74*59 ioo-oo 

c. Bichloride of platinum and chloride of potassium (potaseio-bicbloriclo 
of platinum) presents 1 either small Teddisl^yellow octahedra, or a 
lemon-coloured powder. It is difficultly soluble in cold, more readily in 
hot water ; nearly insoluble in absolute aloohol, and but sparingly 
soluble in spirit of wine— one part requiring for its solution, respec- 
tively, 12083 P arts of absolute alcohol, 3775 parts of spirit of wine of 76 
per cent, and 1053 parts of spirit of wine of 55 P® r cent. (Expt. 
No. 8, a). Presence of free hydrochloric acid sensibly increases the 
solubility (Expt. No. 8, b). In caustic potassa it dissolves completely 
to a yellow fluid. It is unalterable in the air, and at ioo°. On 
exposure to an intense red heat, 2 eq. of chlorine escape, metallic 
platinum and chloride of potassium being left j but even after lon^- 
continued fusion, there remains always a little potassio-bichloride of 
platinum which resists decomposition. Complete decomposition is easily 
effected, by igniting the double salt in a current of hydrogen gas, or 
with some oxalic acid. 

According to Andrews, the bichloride of platinum and chloride of 
potassium, even though dried at a temperature considerably exceeding 
ioo°, retains still *0055 of its weight of water. 

composition. 

K . , . 39*13 16*03 KC1 . , . 74*59 30*56 

Pt» . . . 98*59 40*39 PtCl,. . .169*51 69*44 

01, . . . 106*38 43*58 


244*10 ioo;oo 244*10 , ioo*oo 

e. Silicofluoride of potassium is obtained on mixing a solution of a 
potassa salt with hydsofluosilicic acid in the £oi*m of a translucent iri- 
descent precipitate, which increases and completely separates, when an 
equal volume of strong spirit is added to the fluid. After being filtered 
off, washed wit&weak spirit and dried, it is a soft white powder. It is 
difficultly soluble in cold water, far more readily in boiling water, not 
at all or in merest traces soluble in a mixture of water and strong spirit 
in equal parts, but it is decidedly more soluble in the presence of any 
considerable quantity of free acid, especially hydrochloric or sulphuric 
acid. When .potassa is added to the boiling aqueous solution of the 
salt the following change takes place : KF,SiF a , + 2 (H 0 ,K 0 ) = 3 
KF + SiO, 4* aHQ, the solution turning frpm acid to neutral (principle 
of Stolba’s ^lumetrio method of estimating potassa). As soon as it 
is ignited gives off fluoridtfof smoon and leaves fluoride of 

potassium^ 

§69., 

2. Soda. 

Soda is usually weighed as sulphate of soda, nitrate of soda, 
chloride of sodium, or carbonate of soda. It is separated from 
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potassa in the form of sodio-biciiloride of platinum, from other 
bodies occasionally in the form of silicofluoride of sodium, 

a. The anhydrous neutral sulphate of soda is a white powder or a 
white very friable mass. It dissolves readily in water ; but is sparingly 
soluble in absolute alcohol; presence of free sulphuric acid slightly 
increases its solubility in that menstruum ; it is somewhat more readily 
soluble in spirits of wine (Expt. No. 9). It does not affect vegetable 
colors ; upon exposure to moist air, it slowly absorbs water (Expt. 
No. 10). At a gentle heat it is unaltered, at a strong red heat it fuses 
without decomposition or loss t>f weight. At a white heat it loses 
weight by volatilization of sulphate of soda and also of sulphuric acid. 
(Al. MitscherlioHj Boussingault.) When ignited with chloride of 
ammonium it behaves like sulphate of potassa. 


43*<59 

5631 


100*00 

Bisulphate of soda (NaO, SO, + HO, S 0 8 ), which is always produced 
upon the evaporation of a solution of the neutral salt with sulphuric 
acid in excess, fuses even at a gentle heat ; it may be readily converted 
into the neutral salt, in the same manner as the bisulphate of potassa 
(see §68, a). "y * 

b. Nitrate of j/$da crystallizes in obtuse rhombohedra. In analysis 
it is generally objained as an amorphous mass. It dissolves readily in 
water, but is as gqpd as insoluble in absolute alcohol, and but b#el v 
soluble in spirit of "wine. It does not affect vegetable colors, and is 
unalterable in the air under common circumstances ; but when exposed 
to very moist air, it absorbs Water. It fuses without decomposition at 
a temperature far below red heat (comp. Expt. No. 11), at a higher 
temperature it undergoes the same decomposition as nitrate of potassa v 
(§ 68, b). When ignited with chloride of ammonium or in hydrochloric 
acid gas, and when evaporated with solution of oxalic acid, or aqueous 
hydrochloric acid, it comports itself like the corresponding potassa salt. 
The’ change with aqueous hydrochloric acid is effected 11 more easily, 
that is, by fewer evaporations, than in the case of nitrate of potash 
(v. Baumhauer*). 

\ r; . ' :HG9JIPOSITION. 

NaO . . 31*04 ' 36*48' 

NO* . 5404 63*52 

85*08 100*00 

c. Chloride of sodim in clibes, octahedra, and hollow 

tour-sided pyramids. Tn- ftpA,l yat% it is frequently obtained, as an- 
amorphous mass. It dissolves readily in water' but is soluble 

to hydrochloric acid; it is nearljr'kisolubie in absolute alcohol, and but 
sparingly soluble in spirit of wine ; 100 parts of spirit of wine of 
75 per cent, dissolve, at a temperature of 15°* 7 P 8 ^ (Wagner). 

# Jour. f. prakt. Chern. 78, 213. 


COMPOSITION. 

NaO . . . . . 31*04 
SO, . .... ao'oo 

7 ro 4 
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It is neutral to vegetable colors. Exposed to a somewhat moist 
atmosphere, it slowly absorbs water (Expt. No. 12). Crystals of this 
salt that have not been kept drying a considerable time decrepitate 
when heated, yielding a little water, which they hold mechanically 
confined. The salt fuses at a red heat without decomposition; at a 
white heat, and in open vessels even at a bright red heat, it volatilizes 
in white fumes (Expt. No. 13). If a carburetted hydrogen flame acts 
on fusing chloride of sodium, hydrochloric acid escapes, and some car- 
bonate of soda is formed. On evaporation with oxalic or nitric acid as 
well as by ignition with oxalate of ammonia, it behaves like the cor- 
responding potassa salt. 

COMPOSITION; 

2 3'°4 39 ' 3 & 

Cl 35'46 60*62 


58*30 roo'oo 

d. Anhydrous carbonate of soda is a whife powder or a white very 
friable mass. It dissolves readily in water, but much less so in solution 
of ammonia (Makgueritte) ; it , is insoluble in alcohol. Its reaction 
is strongly alkaline. Exposed to the air, it absorbs water slowly. 
On moderate ignition to incipient fusion it scarcely loses weight; 
on long fusion, however, it volatilizes to a considerable extent (Comp. 
Expt. 14). 

COMPOSITION. W 

NaO 31-04 58*52 

CO, 41-48 


53*04 I0O‘00 

e. Sodio-bichloride of platinum crystallizes with 6 eq. water (NA 
PtCL + 6aq.), in light yellow, transparent, prismatic crystals which 
dissolve readily both in water and in spirit of wine. 

/. SUicoflwride of sodium is similar in properties to the correspond- 
ing potassium salt. It has an analogous composition, and is decom- 
posed in the same way by alkalies. It is, however, considerably more 
soluble in water and in diluted spirit. 

§ 70 . 

3. Ammonia. 

Ammonia is most appropriately weighed as chloride op ammonium, 
or as BICHLORIDE OP PLATINUM AND CHLORIDE OF AMMONIUM (ainmOlA 

bichloride of platinum), or as platinum. 

XJajgjiprtain circumstances, ammonia may also be estimated fro® 
the voHRf the nitrogen gas eliminated from it ; and it is frequently 
^estimateaby alkalimetry. 

a. Chloride of ammoniim crystallizes in cubes and octahedra, bin 
more frequdhtly in feathery crystals. In analysis we obtain it onu 
formly*as a white mass. It dissolves readily in water, but is difficultly 
soluble in spirit of wine. It does not alter vegetable colors, and re- 
mains unaltered in the air. Solution of chloride of ammonium, win# 
evaporated on the water-bath, loses a small quantity of ammonia, an 
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becomes slightly acid. The diminution of weight occasioned by this 
loss of ammonia is very trifling (Expt. No. 15). At IO o° chloride of 
ammonium loses nothing, or very little of its weight (comp, same 
Expt.). At a higher temperature it volatilizes readily, and without 
undergoing decomposition. 

COMPOSITION. 

NII 4 . . 18-04 33-72 NH, . . 17-04 31-85 

Cl • . . 35'46 66-28 HC 1 . . 36-46 68-15 


53-50 ioo-oo 53-50 100*00 


100 parts of chloride of ammonium correspond to 48*67 parts of oxide 
of ammonium. 

b. Bichloride of platinum and chloride of a/m/monium occurs either as 
a heavy, lemon-colored powder, or in small , hard octahedral crystals of 
a bright yellow color. It is difficultly soluble in cold, but more readily 
in hot water.' It is very sparingly soluble in absolute alcohol, but more 
readily in spirit of wine — 1 part requiring of absolute alcohol, 26535 
parts; of spirit of wine of 76 per cent., 1406 parts; of spirit of wine of 
55 per cent., 665 parts. The presence of free acid sensibly increases its 
solubility (Expt. No. 16). It remains unaltered in the air, and at 100 . 
It loses a little water between 100 and 125 0 . Upon ignition chlorine 
and chloride of ammonium escape, leaving the metallic platinum as a 
porous mass (spongy platinum). However, if due care be not taken, in 
this process, to apply the heat gradually, the escaping fumes will carry 
off particles of platinum, which will coat the lid of the crucible. For 
properties of metallic platinum, see § 89, a. 


COMPOSITION. 


nh 4 . 

. 18-04 

8-09 

NH 4 C 1 . 

• 53-50 

23-99 

Pt , 

• 98-59 

44-21 

PtCl, . 

. 169-51 

76*01 

CI . . 

. 106-38 

47-70 



— 



223-01 

100-00 


223-01 

100*00 




NH, . 

• I 7 ‘P 4 

7-64 

N . . 

. 14-04 

6-295 

HC1 . 

• 36*46 

16-35 

H 4 . . 

. 4*00 

i -794 

PtCl, , 

• 169-51 

76 '01 

Pt . . 

• 98'59 

44-209 


■ 


01, . . 

. 106*38 

47702 


223*01 

100-00 


-■ — — 






223-01 

100*00 


100 parts of ammonio-Biohloride of platinum correspond to 11.677 
parts of oxide of ammonium, 

. c - Nitrogen gas is colorless, tasteless, and inodorous.; it mixes with 
^r, without producing the slightest coloration ; it does not affect vege- 
table colors. Its specific gravity is *97137 (Regnault)$ One litre 
weighs at o°, and *76 metre bar,, 1*25617 grm. It is difficultly soluble 
ui water, 1 volume of water absorbing, at o°, and *76 pressure, -02035 
vo • 0+ I0 ^ *01607 vol. ; at 15 0 , *01478 vol. of nitrogen gas 


(Bunsen) 
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BASES OF TII& SECOND GROUP. 

§ 7 *- 

I. Baryta. 

Baryta is weighed, as sulphate of baryta, carbonate of baryta, 

and SILICOFLUORIDE OF BARIUM. 

a. Artificially prepared sulphate of baryta presents the appearance of 
a fine white powder. When recently precipitated, it is difficult to obtain 
a, clear filtrate, especially if the precipitation was effected in the cold, 
mid the solution contains neither hydrochloric acid nor chloride of 
ammonium. It is as good as insoluble in cold and in hot water (i part 
of the salt requires more than 400,000 parts of water for solution). It 
has a great tendency, upon precipitation, to carry down with it other 
substances contained in the solution from which it separates, more par- 
ticularly nitrate of baryta, alkaline filtrates and chlorates, sesquioxide 
of iron, &c. Several of the impurities, such, for instance, as alkaline 
chlorates, may be removed by igniting the sulphate of baryta, moisten- 
ing with hydrochloric acid, evaporating the latter off and exhausting 
the residue with water ; other impurities again, such, as alkaline nitrates, 
cannot be removed by this treatment.* Even the precipitate obtained 
from a solution of chloride of barium by means of sulphuric acid in 
excess contains traces of chloride of barium, which it is impossible to 
remove, even by washing with boiling water, but which are dissolvod 
by nitric acid (Siegle). Cold dilute acids dissolve trifling, yet appre- 
ciable traces of sulphate of baryta; for instance, 1000 parts of nitric 
acid of 1*032 sp. gr. dissolve .062 parts (Calver*), 1000 parts of hydro- 
chloric acid containing 3 per cent, dissolve *06 parts.* Cold concen- 
trated acids dissolve considerably more ; thus, ,1000 parts of nitric acid 
of 1.167 sp. gr. dissolve 2 parts’ (Calvert). > Boiling hydrochloric 
acid also dissolves appreciable traces ; thus 230 c.c. hydrochloric acid 
of 1*02 sp. gr. were found, after a quarter of an hour’s boiling with 
•679 grm. sulphate of baryta, to have dissolved of it ‘048 grm. Acetic 
acid dissolves less sulphate of baryta than the other acids ; thus, 80 c.c. 
acetic acid of i#2 sp. gr. were found, after a quarter of an hour’s bod- 
ing with *4 grm. to have dissolved only *002 grm. (Siegle). Free 
chlorine considerably increases its solubility ( 0 . L. Erdmann). Several 
salts more particularly interfere with the precipitation of baryta by 
sulphuric acid. I observed this some time ago with chloride of magne- 
sium, but nitrate of ammonia (IdiTTENTZWEY), alkaline nitrates gene- 
rally^ and morepaxticulaidy alkaline citrates (Spiller), possess this pro- 
oertv in a hitfh otoee. lithe last case the precipitate appears on the 
addition ; acid. If a 

^cid^: ^ 0^ cotiibairtB phosplioric nci<f(ScHEKUEib 
Rube). Sul^^B^^roi<i&solvee ft tolerable quantity in concen- 
trated ^sufiiilHwW^Cparafts teain/6fi dilution. It is as good 
as insolulSPW^mHg solution of sulphate of ammonia (1 in 4)- 
phate of Baryta regains quite unaltered in the air, at 100 9 , and even a* 

* ComT>nre my paper on the Estimation of Sulphurio Aoid, Zeifcschr. f. anal 
Chum. 9, 62. 
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a red heat. At a strong white heat it loses sulphuric acid (Boussin- 
gault) * On ignition with charcoal, -or under the influence of reducing 
gases, it is converted comparatively easily, but as a rule only partially, 
into sulphide of barium. On ignition with chloride of ammonium, sul- 
phate of baryta undergoes {Itrtial decomposition. It is not affected, or 
a fleeted but very slightly, by cold solutions of alkaline bicarbonates or 
of carbonate of ammonia j solutions of the monocarbonates of the fixed 
alkalies when cold have only a slight decomposing action upon it ; but 
when boiling, and upon repeated application, they effect at last the 
complete decomposition of the salt (H. Rose). By fusing .with alkaline 
carbonates, sulphate of baryta is readily decomposed. 

composition. 

BaO . i . . 765 65-67 

SO, .... 40'0 3433 

4 ii6*5 ioo-oo 

5. Artificially prepared carbonate of baryta presents the appearance of 
a white powder. It dissolves in 1413 7 parts of cold, and in 15421 parts 
of boiling water (Expt. No. 17). It dissolves far more readily in solutions 
of chloride oj||toonium or nitrate of ammonia ; from these Solutions 
it is, howeve^^ My itated again, though not completely, - by caustic 
ammonia. In imK containing free carbonic acid, carbonate of baryta 
dissolves to bicarl|Be. In water containing ammonia and carbonate 
of ammonia, it arfSarly insoluble, one part requiring about 1 41000 
parts (Expt. No. 18). Its solution in water has a very faint alkaline re- 
liction. Alkaline citrates and metaphosphates impede the precipitation 
of baryta by carbonate of ammonia. It is unalterable in the air, and 
at a red heat. When exposed to the strongest heat of a blast-furnace, 
it slowly yields up the whole of its carbonic acid ; this expulsion of the 
carbonic acid is promoted by the simultaneous action of aqueous vapor. 
Upon heating it to redness with charcoal, caustic baryta is formed, with 
evolution of carbonic oxide gas. 

COMPOSITION. 

BaO . . . . 76-5 77*67 

CO, . . , . 22*0 22'33 

. 98-5 100-00 

0. Silkofluoride 0/ barium forms small, hard, and colorless crystals, or 
(more generally) a crystalline powder. It dissolves in 3800 parts of 
cold water; in hot tfater it is more readily soluble (Expt. No. 19). 
fhe presence of free ■hyfechloric a<?id increases its solubility con- 
siderably (Expt. No. 20)^ •: Chloride of ammonium acts also in the 
same way (1 part silicofiuonde of barium dissolves in 428 parts of 
saturated, and 589 parts of dilate solution of chloride of ammonium, 
d* W. Mallet). In' spirit of wine it is almost insolubfe^It is un- 
alterable in the air; and at ioo° ; when ignited, it is decon^bsed into 
uoride of silicon, which escapes, and fluoride of barium, which 
remains. 


* Zeitachr. f. anal. Chem. 7, 244. 
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87-5 

62'72 

Ba 

68-5 

49 *io 

52-0 

37-28 

Si 

14-0 

10*04 



57 '° 

40*86 

1 39 'S 

IOO'OO 


139*5 

100*00 


2. Strontia* 

Strontia is weighed either as sulphate of strontia, or as carbonate 

a. Sulphate of strontia , artificially prepared, is a white powder, 
sometimes dense and crystalline, sometimes loose and bulky. It dw 
solves in 6895 parts of cold, and 9638 parts of boiling water (Expt. 
No 21). In water containing sulphuric acid, it is still more difficult } 
soluble, requiring from iiooo to 12000 parts (Expt. No. 22). Of cold 
hydrochloric acid of 8*5 per cent., it requires 1 474 ; pa^s ; of cold nitric 
acid of 4-8 per cent., 432 parts; of cold acetic acid of 15*6 per cent. 01 
A HO, as much as 7843 parts (Expt. No. 23). It dissolves in solutions 
of' chloride of potassium and chloride of magnesium in quantity which 
increases with the concentration, also in solutions of chloride of sodium 
and chloride of calcium in greatest quantity when the solutions are 
medium concentration (A. Virck*) ; it is precipitated from these solu- 
tions by sulphuric acid. Metaphosphoric acid (Scheerer, , 
and also alkaline citrates, but not free citric acid (Spilleb), lmpcdo 
the precipitation of strontia by sulphuric acid. It is as good as in- 
soluble in absolute acohol, in spirit of wine, and m a boiling solution ot 
sulphate of ammonia (1 in 4). It does not alter vegetable colors; 
and remains unaltered in the air, and at a red heat. When expose* 
a most intense red heat, it fuses with loss of a small quantity ot 
sulphuric acid (M. Darmstadt^ ; all the sulphuric acid will escape on 
very strong ignition continued for a length of time (Boussingault+j. 
When ignited with charcoal, or under the influence of reducing gases, 
it is converted into sulphide of strontium. The solutions of carbonates 
and bicarbonates of potassa, soda, and ammonia decompose sulphate 0 
strontia completely at the common temperature, even when considerable 
quantities of alkaline sulphates are present (H. Bose). Boiling promotes 
the decomposition. 

COMPOSITION. 

SrO . . . 5175 5 6 ’ 4 ° 

SO, . . 4°'°° 43 ' 6 ° 


b Carbonate of strontia, artificially prepared, is a white, soft, loe*e 
powder, Mt dissolves, at the common temperature, in 18045 parts . <> 
water (am No. 24) : presence of ammonia diminishes its solubim.v 
( E X pt. N0T25). It dissolves pretty readily in solutions of chloride w 

t lb. 6, 376. t lb. 7, 2 +l- 


* Zeitschr. f. anal. Chem. I, 473* 
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ammonium and nitrate of ammonia, but is precipitated again from 
these solutions by ammonia and carbonate of ammonia, and more 
completely than carbonate of baryta under similar circumstances. 
Water impregnated with carbonic acid dissolves it as bicarbonate. Its 
reaction is very feebly alkaline. Alkaline citrates and metaphosphates 
impede the precipitation of strontia by alkaline carbonates. Ignited 
with access of air it is infusible, but when exposed to a most intense 
heat, it fuses and gradually loses its carbonic acid. On ignition with 
charcoal, caustic strontia is formed, with evolution of carbonic oxide 
gas. 

COMPOSITION. 

SrO . . . . 51*75 7°* r 7 

CO, .... 22*00 29*83 


73*75 100,00 


§ 73- 

3. Lime. 

Lime is weighed either as sulphate of lime, carbonate of lime, 
or caustic lime ; to convert it into the latter forms, it is first usually 
precipitated as oxalate of lime. 

a. Artificially prepared anhydrous sulphate of lime ifl a loose, white 
powder. It dissolves, at the common temperature, in 430 parts, 
at ioo°, in 460 parts of water (Poggiale). Presence of hydrochloric 
acid, nitric acid, chloride of ammonium, sulphate of soda, or chloride of 
sodium, increases its solubility. It dissolves with comparative ease, 
especially on gently warming, in aqueous solution of hyposulphite of 
soda (Diehl), and also in a boiling solution of sulphate of ammonia ( 1 
in 4)* The aqueous solution of sulphate of lime does not alter vege- 
table colors. In alcohol and in spirit of wine of 90 per cent, it is 
almost absolutely insoluble. Exposed to the air, it slowly absorbs 
water. It remains unaltered at a dull red heat. Heated to intense 
bright redness, it fuses, losing weight considerably from loss of sulphuric 
acid (Al. Mitscherlich*). On long ignition at a white heat all the 
sulphuric acid escapes (Boussingault|). On ignition with charcoal 
or under the influence of reducing gases it is converted into sulphide of 
calcium. Solutions of alkaline carbonates and bicarbonates decompose 
sulphate of lime more readily still than sulphate of strontia. 


COMPOSITION. 

CaO .... 28 41*18 

SO, . . . . 40 58*82 

68 100*00 

b. Carbonate of lime artificially produced by the precipitation of a 
fone salt with carbonate of amm onia is at first loose and amorphous, 
but after some time becomes a white, fine, crystalline powder, which 
under the microscope has sometimes the form of calcite, sometimes that 

• Jour. f. prakt. Chem. 83, 485. 


f Zeitschr. f. anal Chem. 7, 244. 
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of aragonite. It is very slightly soluble in water. By protracted boiling 
i litre of water dissolves *034 grm. according to A. W. Hofmann, or 
•036 grm. according to 0 . Weltzien ; so one part requires 28500 parts 
of water for solution. The solution has a barely perceptible alkaline 
reaction. In water containing ammonia and carbonate of ammonia the 
crystallized salt dissolves much more sparingly (Expt No. 26), one part 
requiring about 65000 parts ; this solution is f not precipitated by oxalate 
of ammonia. Amorphous carbonate of lime is also much more insoluble 
in water dontaining ammonia than in pure water (Divers*), Presence 
of chloride of ammonium and of nitrate of ammonia increases the solu- 
bility of carbonate of lime ; but the salt is precipitated again from these 
solutions by ammonia and carbonate of ammonia, and more completely 
than carbonate of baryta under similar circumstances. Neutral salts of 
potassa and soda, and also neutral salts of lime and magnesia (Hunt), 
likewise increase its solubility. The precipitation of lime by alkaline 
carbonate is completely prevented or considerably interfered with by 
the presence of alkaline citrates (Spiller) or metaphosphates (Rube). 
Water impregnated with carbonic acid dissolves carbonate of lime as 
bicarbonate. Carbonate of lime remains unaltered in .the air, at ioo°, 
sind even at a low red heat ; bukupon the application of a stronger heat, 
more particularly with free access of air, it gradually loses its carbonic 
acid. By means of a gas blowpipe-lamp, carbonate of lime (about 5 
grm.), in an open platinum crucible, is without difficulty reduced to the 
caustic state ; attempts to effect complete reduction over a spirit lamp 
with double-draught have, however, failed (Expt. No. 27). It is decora 
posed far more readily when ignited with charcoal, giving off its car- 
bonic acid in the form of carbonic oxide. 


CaO 
CO, 

50 IOO'OO 

0, Oxalate of limey precipitated from hot or concentrated solutions, is a 
fine white powder consisting of infinitely minute indistinct crystals, and 
almost absolutely insoluble in water. If the oxalic acid is held to be 
bibasic, the salt has the formula, 2CaO,C 4 O e + 2 aq. When precipi- 
tated from cold, extremely dilute solutions, the salt presents a more 
distinctly crystalline appearance, and consists of a mixture of 2Ca0,C 4 0 8 
+ 2 aq. and 2Ca0,C 4 0 8 + 6 aq. (Souohay and Lenssen). Presence 
of free oxalic acid and acetic acid slightly increases the solubility pt 
oxalate of lin^,r The stronger acids (hydrochloric acid, nitric acid) dis- 
solve it reaMf^'frim these solutions it is pteoimteted again unaltered, 
by alkalies.^^ll (provided the excess Si acid be not too great) by 
alkaline OxaM^ Oxalate of lime does r ot 

dissolve in of potassium, chloride of sodium, 

ohUrAA* of barium, chloride of calcium, and 

chloriil^iBHp^W' though these solutions be hot and concen- 
trated^bul^^lheother hand, it dissolves readily and in appreciable 
quantifS” hot solutions of the salts belonging to the magnesia group- 

* Journ. Chera. Soc. 1870, 362. 


COMPOSITION. 

... 28 56*00 

... 22 44*00 
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From these solutions it is reprecipitated by an excess of alkaline oxalate 
,\L, CIIY and Lenssen). Alkaline citrates (Sfiller) and metaplios- 
nhates (Robe) impede the precipitation of lime by alkaline oxalates. 
When treated witl solutions of many of the heavy metals, e.g., with 
solution of ohloride of copper, nitrate of silver, &c., oxalate ot lime 
suffem decomposition, a soluble salt of lime being formed, and an oxalate 
of the heavy metallic oxide, which separates immediately, or after some 
te (Keynoso). Oxalate of. lime is unalterable m the air and at 100 . 
Dried at the latter temperature, it has invariably the following com- 


aOaO - 

, , 

. • 56 

3^36 

0 4 O 6 . 

* , 

. 72 

49-32 

2aq. . 

■ •* 

. . 18 

12-32 



146 

lOO’OO 


At 2 o<° oxalate of lime loses its water, without undergoing decompo- 
,ition; at a somewhat higher temperature, still scarcely reaching dull 
redness, the anhydrous salt is decomposed, without actual separation of 
carbon, into carbonic oxide and carbonate of lime. The powder, which 
was previously of snowy whiteness, transiently assumes a gray color 
in the course of this process, even though the oxalate be perfectly pure. 
Upon continued application of heat this gray color disappears ^ain. 
If the oxalate of lime is heated in small coherent fragments, such as are 
obtained upon drying the precipitated salt on a fitter, the commencement 
and progress of the decomposition can be readily traced by this transient 
appearance of gray. If theprocess of heating be conducted properly 
the residue will not contain a trace of caustic lime. y ra e *°* a a 
of lime exposed suddenly to a dull rad heat, is decompcsed with com 
siderable separation of carbon. By ignition over t e g PP 

oxalate of lime is converted into caustic lime. , . 

d. Lime obtained by continued strong ignition the 
bonate appears as a white, infusible powder, una era J g ■ 
By standing in the air it attracts water and ca * om ® t» 

rapidly enough to interfere with accurate weighing (Exp - * 9); } 

treatment with a little water the hydrate is 

much heat • on igniting again the water of hydration is readily and 
completely removed. Jura lime dissolves in dilute hydrochloric, aci 
with evolution of heat, hut without effervescence. 

* §74. 

•V) • 

.4, Magnesia. 

Magnesia to weig^ d: «S sdlpeatb op o^^^vrophos- 

op magnesia, or puBB' maoSbsia. To convert it A mmonu ^ahd 
Plmte, it to piedptotoetd as ; iusiO. phosphate op ahmokia abd 
MAGNESIA. ; iV a. white 

a. Anhydrous suMm# ^^ n ^ pI ^^ teth Tf P ia^^fe^together 
opaque mass. It m water. It ^ 

insoluble in absolute alcohol, but it is somewhat solubl ^ W absorbs 
It does not alter vegetable colors. Exposed to the «r it absorbs 

* Annal. d. Chem. und Pharm. ioo, $22. 
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water rapidly. At a moderate red heat, it remains unaltered ; but when 
heated to intense redness, it undergoes partial decomposition, losing 
part of its acid, after which it is no longer perfectly soluble in water. 
By means of a gas blowpipe it is tolerably easy to expel the whole of 
the sulphuric acid from small quantities of sulphate of magnesia (Expt. 
No. 30). Ignited with chloride of ammonium, sulphate of magnesia is 
not decomposed. 

composition. 

MgO ..... 20 33-33 

SO a ..... 40 66-67 


60 100*00 

b. Basic phosphate of magnesia and ammonia is a white crystalline 
powder. It dissolves, at the common temperature, in 15293 parts of 
cold water (Expt. No. 31). In water containing ammonia, it is much 
more soluble, rooo grm. of a mixture of 3 parts water and 1 part 
ammonia solution, dissolved only a quantity corresponding to *004 grm. 
pyrophosphate (Kissel*) ; the salt was considerably more soluble 
when chloride of ammonium was also present ; thus in one of Kissel’s 
experiments a quantity corresponding to *on grm. pyrophosphate was 
dissolved by 1000 grm. fluid containing 18 grm. chloride of ammonium. 
Presence of excess of sulphate of magnesia diminishes the solubility in 
dilute ammonia, even in the presence of chloride of ammonium, to such 
an extent that the quantity dissolved by 1000 grm. fluid cannot be 
estimated (Kissel); the precipitate, under these circumstances, is 
liable, especially in the absence of much chloride of ammonium, and 
when the excess of sulphate of magnesia is large, to contain some 
hydrate or basic sulphate of magnesia (Kubel,+ Kissel). Phos- 
phate of soda also diminishes (to about the same extent as sulphate 
of magnesia) the solubility of the salt in water containing chloride of 
ammonium and ammonia (W. Heintz^:), It dissolves readily in 
acids, even in acetic acid. Its composition is expressed by the formula, 
2 Mg 0 ,NH 4 0 ,P 0 a + 12 aq. 10 eq. of water escape at ioo°, the remain- 
ing two together with the ammonia, at a red heat, leaving 2Mg0,P0 ( . 
On the application of a stronger heat the mass passes through a 
state of incandescence, if the salt were pure ; the weight of the residue 
is not affected. The incandescence may not take place at all in the 
presence of small quantities of lime salts, of other magnesia salts, or 
of silicic acid. It is occasioned not by the passage of the phosphoric 
acid into pyrophosphoric acid, but by the passage from the crys- 
talline to the amorphous condition ( 0 . Popp§). If the phosphate of 
magnesia and ammonia is dissolved in dilute hydrochloric or nitric acid 
and ammonia be then added to the solution, the salt is reprecipitated 
completely, or more correctly, only so much remains in solution as 
corresponds to its ordinary solubility in water containing ammonia and 
ammoniacal salt. . 

c. Pyrophosphate of magnesia presents the appearance of a white 
mass, often slightly inclining to gray. It is barely soluble in water, 
but readily so in hydrochloric acid, and in nitric acid. It remains 

* Zeit«chr. f. anal. Chem. 8, 173. f lb. 8, 125. X lb. 9, 

§ lb. 13, 305. 



BASES OP GROUP II. 


m 


§ 71 .] 

nn iltered In the air, and at a red heat ; at a very intense heat it fuses 
Exposed at a white heat to the action of hydrogen, 
:So PO is formed, while PH,, P and PO, escape. S^MgO.PO ) 
3 ,°/,M(rftP0 7 + PO. (Struve*). It leaves the color of moist 
turmeric- ind* of reddened litmus-paper unchanged. If we dissolve 
it hydrochloric or nitric acid, add water to the solution, boil 
for some time, and then precipitate with ammonia in excess we 
obtiin a precipitate of phosphate of magnesia and ammonia which, 
ltr“gnition, affords less 2 MgO,PO„ than was original employed. 
S rives the loss as from r 3 to 2-3 per cent. My own expe- 
riments (No. 32) confirm this statement, and point out the circum- 
stances under which the loss is the least considerable. By long- 
mntinned fusion with mixed carbonates of potassa- and soda, pyro 
nhosphate of magnesia is completely decomposed, the phosphoric acid 
beins reconverted 8 into the tribasic state. If, therefore, we tieat the 
fused masTwith hydrochloric acid, and then add water and ammonia 
, , • the precipitate the whole quantity of the 

■of pyrophosphate of magnesia in nitric acid 
Iwhite residue is left ; if this is heated more 
liberated, and the residue turns the color ot 
1% yellowish-white. By heating still more 
strongly to inom{<J*Mness, rapid decomposition sets m. morehyponi- 
tric akd is evolved, and pure white pyrophosphate ^ ^ 

Unless the heat is applied with care the evo ution of gas may be so rapid 
as to carry away particles of the substance (fi. Luck). 


we re-obtain on 
salt used. 3J\ 
is evaporated i , 
strongly hyponi? 
cinnamon; on 


COMPOSITION. 

gMgO .... 40 00 3 6 '°4 

PO, .... 7 1-00 °3'9 6 

III’OO IOO'OO 


d. Pure Magnesia is a white, light, loose power, 

55368 parts of cold, and in the same proport ^ L°LS“ilSe 
( ExDt No Its aoueous solution has a y o J . 

reaction^M^nesia dissolves in hydrochloric and mother acids, 
without evolution of 0B. Magnesia dissolves rea y O f*chloride 
in solutions of neutr^ammonia salts, and also in aulphate 

of potassium and chloride of sodium (Expt. Ho. 34 ) and sulphate 
of potassa and sulphate of soda (K. Waringto , •) , carbonic 

soluble than in water. Expend to the air it 

acid and water. Magnesia is highly infusible, re g bichest 
a strong red heat, Sad fusing superficially only at the very mgnesn 

temperature, 


Mg 

0 


COMPOSITION, 

. . ' . . 12 
. . . 8 


6 o*oo 

40*00 


• Journ. f. prakt. Chem. 79, 349 * 


20 100*00 

t Pogg. Ann. 73 , 146 . 
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BASES OP THE THIRL! GROUP. 

§ 75- ' 

i. Alumina. 

Alumina is usually precipitated as hydrate, occasionally as 
basic acetate or basic formate, and always weighed in the pure 

STATE. 

a. Hydrate of alumina,, recently precipitated from a solution of an 
alumina salt by an alkali, is translucent, and when dried at ioo° lias 
the formula, A1 2 0 8 ,3H0. The precipitate invariably retains a minute 
proportion of the acid with which the alumina Was previously com- 
bined, as well as of the alkali which has served as* the precipitant ; it 
is freed with difficulty frqjp. these admixtures by repeated washing. It 
is insoluble in pure water ; but it readily dissolves in soda, potassa, 
and ethylamine (Sonnenschein) ; it is sparingly soluble in ammonia, 
and insoluble in carbonate of ammonia ; presence of ammoniacal salts 
greatly diminishes its solubility in ammonia (Expt. No. 35 ). The cor- 
rectness of this statement of mine in the first e 4 it^h bf the present 
work, has been amply confirmed since by MalagdtI and Burociieu ;* 
and also by experiments made by my former assistant, Mr. J. Fuc ns. 
The former chemists state also that, when a solution of alumina is pre- 
cipitated with sulphide of ammonium, the fluid may be filtered olF live 
minutes after, without a trace of alumina in it. Fuchs did not find 
this to hp the case (Expt. No. 36 ). Hydrate of alumina, recently pre- 
cipitated, dissolves readily in hydrochloric or nitric acid; but after 
filtration, or after having remained for some time in the fluid from 
which it has been precipitated, it does not dissolve in these acids 
without considerable difficulty, and long digestion. Hydrate of 
alumina shrinks considerably on drying, ana then presents the appo; tr- 
ance of a hard, translucent, yellowish, or of a white, earthy mass. 
When ignited, it loses its water, and this loss is frequently attended 
with slight decrepitation, and invariably with considerable diminution 
of bulk. 

Hydrate of alumina precipitated from a solution of alumina in 
potassa or soda by chloride of ammonium is milk-white, denser, easier 
to wash, and much less soluble in ammonia tbg|i the variety above 
described. When dried at ioo°, it has the fiftaula AI.CL 2 HO (J. 
LbWEt). 1 '■ 

b. Alumina, prepared by heating the hydrate to a moderate degree 
of redness, is a loose and soft mass ; but upon tM application of a very 
intense degree of %at, it concretes into small hard lumps. At the 
most iijjanse wlnte^^ it fuses to a clear glass; Ignited alumina is 
dissolves hOflM ev acids with very grefrt^d^ in fuming 

place, 81 ow3H^K^^ v Itldfesdlves tolerably eaafly and quickly 

by first of concentrated sulphuric 

gas • By fusion 

•with it is rendered soluble in water. Upo Q 

* Ann. de Chim, et de Phys 3 Ser. 17, 421. 

t Zeitschr, f. anal Chem. 4, 350. J Journ. f. prakt. Chem. 81, no. 
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P-1 

igniting alumina with chloride of ammoniun, chloride of aluminium 
escapes ; but the process fails to effect complete volatilization of the 
alumina (H. Rose). When alumina is fused at a very high temperature, 
with ten times its quantity of carbonate of soda, aluminate of soda is 
formed, which is soluble in water (R. Richter). Placed upon moist red 
litmus-paper, pure alumina does not change the color to blue. 


53 * 4 ° 

46*60 


51*50 100*00 

c. If to the solution of a salt of alumina, carbonate of soda or 

carbonate of ammonia be added, till the resulting precipitate only just 
redissolves on stirring, and then acetate of soda or acetate of ammonia 
poured in in abundance and the mixture boiled some time, the alumina 
is precipitated almost completely as basic acetate in the form of 
translucent flocks, so that if the filtrate be boiled with chloride of 
ammonium and ammonia only unweighable traces of alumina separate. 
If the quantity of acetate of soda employed be too small, the precipitate 
appears mo^jranular, the filtrate would then contain a larger amount 
of alumina. ®h$ precipitate cannot be very conveniently filtered and 
washed. In Washing it is best to use boiling water, containing^ little 
sicetate of soda or acetate of ammonia. The precipitate is readily soluble 
in hydrochloric acid. - 

d. If, instead of the acetates mentioned 1 in c, the corresponding 
formates be used, a flocculent voluminous precipitate of basic formate 
of alumina is obtained r which may be very readily washed (Fr. 
Schulze*). 

§ 76 . 

2* Sesquioxide of Chromium. 

Sesquioxide of chromium is usually precipitated as hydrate, and 
always weighed in the pure state. 

a. Hydrated sesquioxide of chromium , recently precipitated from a 
green solution, is greenish-gray, gelatinous, insoluble in water: it dissolves 
readily, in the cold, inflations of potassa or soda, to & dark green 
fluid; it dissolves also in the cold, but rather sparingly, in solution of 
ammonia, to a light violet red fluid. In acids it dissolves readily, with 
a dark green color. Rresence of chloride of ammonium exercises 
no influence upon the solubility of the hydrate in ammonia. Boiling 
effects the complete separation of the sesquioxide from its solutions in 
potassa, or ammonia (&pt. No. 37). The dried hydrate is a greenish- 
blue powder; it loses its Water of hydration at a gentle red heat. 

b. Sesquioxide of chromufy, produced by heating the hydrate to dull 
redness, is a dark -green powder ; upon the application of' a higher 
degree of heat, it assumes a llg&ter tint, but suffers nq c^^ution of 
weight ; the transition from the darker to the lighter t^^Wked by 
& ^vid incandescence of the powder. The feebly ignited swquioxide is 
difficultly soluble in hydrochloric acid, and the strongly ignited 

* Chem. Centralbl. 1861, 3. 


COMPOSITION. 

.Al a . . / 27*50 
0 8 . . . . 24*00 
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sesquioxido is altogether insoluble in that acid. It remains unaltered 
when ignited with chloride of ammonium, or in a current of hydrogen. 
By fusion with carbonate of soda and nitrate of potassa chromate of 
potassa is formed. 

COMPOSITION. 

Cr f . . . . 52*48 68*62 

0, .... 24*00 31*38 


76*48 100*00 

BASES OP THE FOURTH GROUP. 

§ 77- 

i. Oxide of Zinc. 

Zinc is weighed in the form of oxide or sulphide ; it is precipitated 
as basic carbonate, or as sulphide. 

a. Basic carbonate of zinc, recently precipitated, is white, flocculent, 
nearly insoluble in water —(one part requiring 44600 parts, Expt. 
No. 38) — but readily soluble in potassa, soda, ammonia, carbonate of 
ammonia, and acids. The solutions in soda or potassa, if concentrated, 
are not altered by boiling ; but if dilute, nearly all the oxide of zinc 
present is thrown down as a white precipitate. From the solutions in 
ammonia and carbonate of ammonia, especially if they are dilute, oxide 
of zinc likewise separates upon boiling. When a neutral solution of 
zinc is - precipitated with carbonate of soda or carbonate of potassa, 
carbonic acid is evolved, since the precipitate formed is not ZnO,C0 2 , 
but consists of a compound of hydrated oxide of zinc with carbonate of 
zinc in proportions varying according to the Koncentration of the 
solution, and to the mode of precipitation. /‘Owing to the presence 
and action of this carbonic acid, part of the oxide of zinc remains 
in solution ; if filtered cold, therefore, the filtrate gives a precipitate 
with sulphide of ammonium. But if the Solution is precipitated 
boiling, and kept at that temperature for some time, the precipitation 
of the zinq is complete to the extent that the filtrate is not rendered 
turbid by sulphide of ammonium j still, if the filtrate, mixed with 
sulphide of ammonium, be allowed to stand at rest for many hours, 
minute and almost unweighable flakes of sulphide of zinc will 
separate from the fluid. The precipitate of carbonate of zinc, obtained 
in the manner’ just described, may be completely freed from all 
admixture of alkali by washing, with hot" water. If ammoniacal 
salts be present!, • the precipitation is not complete till every trace of 
ammonia is expelled. If the solution of a zinc salt is mixed with 
carbonate qf ^potassa or soda in excess, the mixture evaporated to 
dryness, at * gentle ^ heat, and the residue treated with cold water, a 
perceAble p^p&rtfiqn of the zinc is' obtained in solution as double 
carbamate Off zirtc^nd potassa orsoda; but if the mixture is evaporated 
to dryness, at boding heat, and'the residue treated with hot water, the 
whole of we ssifio^^th the exception of an extremely minute propor- 
tion, as we ba-yC already had occasion to observe, is obtained as carbonate 
of zinc. * The dried basic carbonate of zinc is a brilliant, white, lo^ 0 
powder ; exposure to a red heat converts it into oxide. 

b. Oxide of zinc , produced from the carbonate by ignition, is a whit 0 
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light powder, with a slightly yellow tint. When heated, it acquires a 
yellow color, which disappears again on cooling. Upon ignition with 
charcoal, carbonic oxide and zinc fumes escape. By igniting in a rapid 
current of hydrogen, metallic zinc is produced; whilst by igniting in a 
feeble current of hydrogen, crystallized oxide of zinc is ohtciivd (St. 
Claire Deville). In the latter case, too, a portion of the metal is 
reduced and volatilized. Oxide of zinc is insoluble in water. Placed 
on moist turmeric paper, it does not change the color to brown. In 
acids, oxide of zinc dissolves readily and without evolution of gas. 
Ignited with chloride of ammonium, fused chloride of zinc is produced, 
which volatilizes with very great difficulty if the air is excluded : but 
readily and completely, with free access of air, and with chloride of 
ammonium fumes. Mixed with a sufficiency of powdered sulphur and 
ignited in a stream of hydrogen, the corresponding amount of sulphide 
is obtained (H. Rose). 

COMPOSITION. 

Zn . . . . 32*53 80*26 

0 «... 8*oo 19*74 


40*53 100*00 


c. Sulphide of zinc, recently precipitated, is a white, loose hydrate. 
The following facts should here be mentioned with regard to its preci- 
pitation.* Colorless sulphide of ammonium precipitates dilute solutions 
of zinc, but only slowly ; yellow sulphide of ammonium does no* preci- 
pitate dilute solutions of zinc (1 : 5000) at all. Chloride of ammonium 
favours the precipitation considerably. Free ammonia acts so as to keep 
the precipitate somewhat longer in suspension, otherwise it exerts no 
injurious influence. If the conditions which I shall lay down are 
strictly observed oxide of zinc may be precipitated by sulphide of 
ammonium from a solution- containing only Hydrated sulphide 

of zinc on account of its slimy nature easily stops up the pores of the 
filter, and cannot therefore be washed without difficulty on a filter. The 
M ashing is best performed by using water containing sulphide of ammo- 
nium, and continually diminished quantities of chloride of ammonium 
(at last none) (see Expt. No. 39). The hydrate is insoluble in water, 
in caustic alkalies, alkaline carbonates, and the monosulphides of the 
alkali metals. It dissolves readily and completely in hydrochloric and 
in nitric, but only very sparingly in acetic acid. When dried, the 
precipitated sulphide of zinc is a white powder ; when air-dried its com- 
position is 3ZnS,2HO; dried At ioo c , 2ZnS,H0; at 150°, 4 ZnS,HO 
(A. SoucHAYt). On ignition it' -loses the whole of its' water. During 
He latter process some sulplruretted hydrogen escapes, and the residue 
contains some oxide. By roasting in the air, and intense ignition, small 
quantities of sulphide or zinO may be readily converted into the oxide. 

. n Siting the dried sulphide of zino; mixed with powdered' sulphur, 
a s Heam of hydrogen, the pure anhydrous sulphide is* obtained 
> . Hose). The latter suffers no loss of weight worth mentioning by 
rgnition for five minutes over the gas blowpipe ; - but* if .such ignition is 
ver y protracted the loss of weight becomes considerable (Al. Gt^sENij;). 


* Joum. f. pra kt. C hem. 82, 263. 

t lb. 4, 421 

QUANT. VOL. I. 


+ Zeitscbr, f. anal. Chem. 7, 78. 
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COMPOSITION. 

Zn . . . . 32-53 67-03 

S .... 16*00 33*97 

48*53 100*00 

§ 78 . 

2. Protoxide Manganese. 

Manganese is weighed either as protosesquioxide, as sulphide, 
as protosulphate, or as pyrophosphate. With the view of con- 
verting it into these forms, it is precipitated as protocarbonate, 

HYDRATED PROTOXIDE, BINOXIDE, Or PHOSPHATE OF MANGANESE AND 
AMMONIA. 

a . Carbonate of manganese, recently precipitated, is white, flocculent, 
nearly insoluble in pure water, but somewhat more soluble in water 
impregnated with carbonic acid. Presence of carbonate of soda or 
potassa does not increase its solubility. Recently precipitated carbonate 
of manganese dissolves pretty readily in chloride of ammonium : it is 
owing to this property that a solution of manganese cannot be com- 
pletely precipitated by carbonate of potassa or soda, in presence of 
chloride of ammonium (or any other ammoniacal salt), until the latter 
is completely decomposed. If the precipitate, while still moist, is 
exposeito the air, or washed with water impregnated with air, espe- 
cially nit is in contact with carbonated alkali, it slowly assumes a dirty 
brownish-white color, part of it becoming converted into hydrated proto- 
sesquioxide of manganese. Even long-continued washing will not 
remove the last traces of alkali salt from the precipitate. The wash- 
water often comes through turbid. If the filtrate and wash- water are 
evaporated to dryness and the residue is treated with boiling water the 
small traces- of carbonate of manganese which were partly dissolved ami 
partly suspended will remain behind in the form of hydrated proto- 
sesquioxide. Dried by pressure the precipitate is white, and consists of 

• MnO,COj + HO ; dried in a vacuum it consists of 2(Mn0,C0 2 ) + HO 
(E. Prior*) ; when dried with free access of air, the powder is of a 
dirty-white color. When strongly heated with access of air, this pow- 
der first turns black, and changes subsequently to brown protosesqni- 
oxide of manganese. However, this conversion takes some time, ami 
must never be held to be completed until two weighings, between which 
the precipitate has been ignited again with free access of air, give per- 
fectly corresponding results. On igniting the carbonate of manganese, 
mixed ^th powdered sulphur, in a stream of hydrogen, sulphide of 
manga^sejflbtained (H. Rose).* . 

b. Admm protoxide of manganese recently thrown down forms a 

white, pPFent precipitate, barely soluble in water and alkalies, but 
soluble pride of ammonium litimmediotely absorbs oxygen from the 
air, and tur#8 bi« 3 l%^w^ the hydrated protosesqui- 

oxide, . J^^i^^ l .it'i«^therair, &■ (hydrated protosesqui- 
oxide which; when heated to intense redness, 

wit i* converted into protosesquioxide, and on igm* 
tion’^ph sulphur, in a stream of hydrogen, is converted into sulphide 

* Zeitscur. f. anal. Cbem. 8, 428. 
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c. protosesquioxide of manganese, artificially produced, is a brown 
nowder. All the. oxides of manganese are finally converted into this 
by strong ignition in the air. Each time it is heated it assumes a darker 
color but its weight* remains unaltered. It is insoluble in water, and 
does not alter vegetable colors. If ignited with chloride of ammonium, 
it is converted into the protochloride. When heated with concentrated 
hydrochloric acid, it dissolves to chloride with evolution of chlorine 
(Mn 0 + 4HCI = 3MnCl + Cl + 4HO). On ignition with sulphur in a 
streaV of hydrogen it is converted into sulphide (H. Rose). On igni- 
tion in oxygen it is converted into sesquioxide (Schneider). On ignition 
in hydrogen it is converted into protoxide. 

composition. 

Mn, . . ... 82*50 72*05 

, 0 4 ... . . 32*00 1 27*95 


i. 114*50 IOO’OO f 

d. Binoxide of manganese is occasionally produced in analysis by ex- 

posing a concentrated solution of nitrate of protoxide of manganese t o 
a gradually incr^Bt temperature, lit 140° brown flakes separate, at 
155° much mtf USlf d is disengaged, and the whole of the manganese 
separates as anhj®S§§ binoxide. It is brownish-black, and is deposited 
on the sides o| with metalhc lustre. It is insoluble in weak 

nitric acid, buife^Polves to a small amount in hot and concentrated 
nitric acid (DEV^I&)i In hydrochloric acid it dissolves with evolution 
of chlorine, in concentrated sulphuric acid with liberation of oxygen. 
The binoxide is also , sometimes obtained in the hydrated condition in 
analytical separations, thus when we precipitate a solution of protoxide 
with hypochlorite of soda, or, after addition of acetate of soda, with 
chlorine in the heat. The brownish-black flocculent precipitate thus 
obtained, contains alkali , from which it cannot be well freed by washing. 

e. Sulphide of manganese, prepared in the wet way, generally forms a 

flesh-colored precipitate* I must make a few remarks with reference 
to its precipitation.* This is offected but incompletely if we add to a 
pure manganese solution only sulphide of ammonium, HP matter 
whether it be colorless or yellow, while it is perfectly effected if chlo- 
ride of ammonium be u$ 4 d in addition. A large quantity even ot 
chloride of ammonium does not impede the precipitation. Ammonia 
in small quantity is nit injurious, but in large quantity it interferes 
with complete precipitation especially in the presence of polysulphide 
of ammonium (A, UlassekT). In all cases we must allow to stand at 
least 24 hours, and with very dilute solutions 48 hours, before filtering. 
Colorless or slightly yellow sulphide of ammonium is the most appro- 
priate precipitant. In- the, presence of chloride of ammonium, even a 
large excess of sulphide^ fmaffio ftbnm is uninjurious. If the precipita- 
Uon is conducted as direoten^be ma^nese can be precipitated from 
solutions which contain onto; the protoxide. If the flesh- 

colored hydrated sulphi^-i^^^me time under, the vfi^from 
w hich it was precijSat^ >^pmetimes becomes the 

green anhydrous sulphide.}: This conversion is more 

* Journ. f. prakt. Chem. 82, 265. ;+ Zeitscbr. f. anal. *Chem. 8, 370. 

J Journ. l. prakt. Chem. 82, 268, 
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place when a large excess of sulphide of ammonium has been used; 
heating favours it, chloride of ammonium hinders it. The conversion 
is occasionally rapid. The green sulphide thus obtained consists of 
oight-sided tables distinctly visible under the microscope (F. Muck*), 
In acids (hydrochloric, sulphuric, acetic, &c.) the hydrate dissolves with 
evolution of sulphuretted hydrogen. If the precipitate, while still 
moist, is exposed to the air, or washed with water impregnated with 
air, it changes to brown, hydrated protosesquioxide of manganese being 
formed, together with a small portion of sulphate of protoxide of man- 
ganese. Hence in washing the hydrate we always add some sulphide 
of ammonium to the wash-water, and keep the filter as full as possible 
with the same. We guard against the filtrate running through turbid, 
by adding gradually decreasing quantities of chloride of ammonium to 
the wash-water (at last none). (Expt. No. 40.) On igniting the preci- 
pitate mixed with sulphur in a stream of hydrogen tj le anhydrous sul- 
phide remains. If we have gently ignited during this process, the 
product is light green ; if we have strongly ignited, it is dark-green to 
black. Neither the green nor the black sulphide attracts oxygen or 
water quickly from the air (H. Rose). The anhydrous sulphide is also 
readily soluble in dilute acids. * 

COMPOSITION. 

Mn .... 27-5 

S .... 16*0 


43-5 100-00 


63*2 2 
3673 


/. Anhydrous sulphate of protoxide of manganese, produced by exposing 
the crystallized salt to the action of heat, is a white, friable mass, readily 
soluble in water. It resists a very faint red heat ; but upon exposure 
to a more intense red heat, it suffers more or less complete decompo- 
sition — oxygen, sulphurous acid, and anhydrous sulphuric acid being 
evolved, and protosesquioxide of manganese remaining behind. 
Ignited with sulphur in a stream of hydrogen it is transformed into 
sulphide (H. Rose). 

composition. 

MnO .... 35*50 >47-02 

SO f . ... 40*00 / 52-98 

75‘5° \oo-oo 

• - • 

g, PhosphM of memganese and ammortia . — Gibbs! says that tins pre- 
cipitate is u|pmble in boiling water, but I have not found this to be tin- 
case. My insults are that 1 part dissolves in 32092 parts of cold water, 
in 20i22.Wts boiling water, and 1775$ parts water containing Vo (,t 
chloride of; ittnmonium* It has the formula 2Mh0,NH 4 0,P0 5 + 

It presents pafepink scales of pearly lustre, which sometimes turn red- 
dish op thefiljter, On ignition it is converted into, the pyrophosphate 
of ma^gahese, 

h. Pyrophosphate of mangemese is the white residue left on the ig nl 
tion of the preceding. 


* ZeitBclir. f. Chem. N. F. 6, 6. 


t Sillim. Amer. Journ. (ii.) 44> 2I< * 
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COMPOSITION. 

2M11O .... 35*50 33-33 

PO, . . . . 71*00 66-67 


106*50 100-00 

§ 79 - 

3. Protoxide op Nickel. 

Nickel is precipitated as hydrated protoxide, and as sulphide. 
It is weighed in the form of protoxide, of metallic nickel, or o!' 
nnhydrous protosulphate. 

a. Hydtated protoxide of nickel forms an apple-green precipitate, 
almost absolutely insoluble in water. When precipitated from a solution 
of the chloride or sulphate, it retains some of the acid even after long 
washing (Teichmann*). It is also very difficult to remove the last, 
traces of alkali. It dissolves with some difficulty in ammonia and car- 
bonate of ammonia, far more readily in the presence of an ammonia salt. 
From these solutions it is completely precipitated by excess of potass 1 
or soda ; application of heat promotes the precipitation. It is unalter- 
able in the air ; on, ignition, it passes into anhydrous protoxide. 

b. Protoxide of nickel is a dirty grayish-green powder. When 
obtained by heating the protonitrate to redness, it always contains some 
peroxide, and requires very strong and protracted ignition for conver- 
sion into the pure green protoxide (W. J. Russell). It is insoluble 
in water, but readily soluble in hydrochloric acid. It does ^not affect 
vegetable colors. It suffers no variation of weight upon ignition with 
free access of air. Mixed with chloride of ammonium and ignited, it is 
reduced to metallic nickel (H. Rose) ; it is also easily reduced by igni- 
tion in hydrogen or carbonic oxide. 

composition. 


Ni . . . . . 29-5 7 8 ’67 

0 8-o 21-33 


37*5 I00 ‘ 00 

c. Metallic nickel obtained by the reduction of the protoxide with 

hydrogen has the form of a gray powder, or if the heat has been very 
strong, and it has melted, it is lustrous and white like silver. It is 
unaltered in weight by ignition in hydrogen, when ignited in the air 
it is superficially oxidized. It is attracted by the magnet. It is dis- 
solved slowly by hydrochloric acid and dilute sulphuric acid, and readily 
hy moderately strong nitric acid. ... 

d. Anhydrous protosulphate of nickel obtained by evaporating a solution 
°f the chloride, nitrate, <fec., with sulphuric acid is yellow, soluble in 
water to a green fluid. The hydrous salt may be rendered anhydrous 
without loss of acid by cautious heating in a platinum dish, but at low 
redness it begins to blacken at the edges and loses aci 4 (F. GAUH«t). 

c. Hydrated sulphide of nickel , prepared in the wet ^ray, forms a black 

* Annal. d. Chem. u. Pharm. 156, 17. + Zeitschr. f. anal. Chem. 4, 199. 
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precipitate, insoluble in water. I must make some observations on its 
precipitation.* In order to precipitate the nickel from a pure solution 
completely and with ease, chloride of ammonium must be present, it is nol 
enough to add sulphide of ammonium alone. A large quantity even ol 
chloride of ammonium produces no injurious effect. . In the presence of 
free ammonia, on the contrary, some nickel remains in solution. In this 
case, the supernatant fluid appears brown. As precipitant, colorless or 
lmlit-yellow sulphide of ammonium containing no free ammonia should lie 
used, a large excess must be avoided. If the directions given are adhered 
to— allowing to stand 48 hours— the nickel may be precipitated by means 
of sulphide of ammonium, from solutions containing only -g^oWo t' 1 *' 
oxide. As the precipitate is liable to take up oxygen from the air, being 
transformed into sulphate, a little sulphide of ammonium is mixed with 
the wash-water, to which also it is advisable to add chloride of ammonium 
(less and less— at last none) ; the filter should be kept full (Expt. No. 41 )• 
Brown filtrates, containing sulphide of nickel in solution, may be freed 
from the latter by acidulation with acetic acid, and boiling some time. 
The sulphide falls down, and may now be filtered off. It is very sparingly 
soluble in concentrated acetic acid, somewhat more soluble in hydro- 
chloric acid. It is more readily soluble still in nitric acid, but its best 
solvent is nitrohydrockloric acid. It loses its water upon the application 
of a red heat ; when ignited in the air, it is transformed into a basic 
compound of protoxide of nickel with sulphuric acid. Mixed with 
sulphur and ignited in a stream of hydrogen, a fused mass remains, ot 
pale-yellow color and metallic lustre. This consists of Ni 2 S, hut its 
composition is not perfectly constant (F. GAUHfif ). If a solution of ft 
neutral salt of nickel is heated with excess of hyposulphite of soda in a 
sealed tube to 120°, the whole of the nickel will be thrown down in the 
course of half an hour as sulphide [NiCl+ 2(Na0,S a 0 2 ) = NiS + NaCl + 
Na 0 ,S 8 0 6 ]. The sulphide thus obtained is black, unalterable in the 
air, can he easily washed, is barely attacked by hydrochloric acid 01 
dilute sulphuric acid, and may be converted into protosulphate by dis- 
solving in nitric acid, and evaporating the solution with sulphuric acid 
(W. GibbsJ). 

§ 80. 

4. Protoxide of Cobalt. 

Cobalt is weighed in the pure metallic 1 state, or as proto- 
sulphate. Besides the properties of these substances, we have to 
study also those of the hydrated protoxide, of the sulphide, and 
of the NITRITE of SESQUIOXIDE of COBALT AND POTASSA. 

a. Hydrated protoxide of cobalt. — Upon precipitating a solution of 
protoxide of cobalt with potassa, a blue precipitate (a basic salt) is 
formed at first, which, upon boiling with potassa in excess, excluded 
from contact of air, changes to light-red hydrate; if, on the contrary, 
this process is conducted with free access of air, the precipitate becomes 
discolored, and finally black, part of the hydrated protoxide being 
converted into hydrated sesquioxide . But the hydrate, prepared in tins 
way, retains always a certain quantity of the acid, and, even after the 
most thorough washing with hot water, also a small amount of the 

* Journ. f. prakt. Cliem. 82, 257. t Zeitschr. f. anal. Chem. 4* I 9 I * 

X lb. 3, 389. 
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alkaline precipitant. The latter, however, is not enough to spoil the 
accuracy of the results (H. Rose, F. Gauhe*). Hydrated protoxide 
of cobalt is insoluble in water, and also in dilute potassa ; it is some- 
what. soluble in very concentrated potassa, and readily in ammonia 
salts. When dried in the air, it absorbs oxygen, and acquires a 
brownish color. By strong ignition it is converted into protoxide 
(even if some protosesquioxide had formed from boiling or drying in 
the air) ; if cooled with exclusion of air, as in a current of carbonic 
acid, pure light-brown protoxide will be left ; if cooled, on the contrary, 
with access of air, the protoxide is more or less changed to black 
protosesquioxide (W. j. RussELLt). By ignition in a current of 
hydrogen, metallic cobalt is left, from which any traces of alkali may 
now be almost completely removed by boiling water. 

b. The metallic cobalt obtained according to a, or by igniting the 
chloride or the protosesquioxide (produced by igniting the nitrate) in 
hydrogen is a greyish-black powder, which is attracted by the magnet, 
and is more difficultly fusible than gold. If the reduction has been 
effected at a faint heat, the finely divided metal burns in the air to 
protosesquioxide of cobalt, which is not the case if the i eduction has 
been effected at an intense heat. Cobalt does not decompose water, 
either at the common temperature, or upon ebullition — except sulphuric 
acid be present, in which case decomposition will ensue. Heated with 
concentrated sulphuric acid, it forms sulphate of protoxide of cobalt, 
with evolution of sulphurous acid. In nitric acid it dissolves readily to 
nitrate of protoxide of cobalt. 

c. Sulphide of cobalt , produced in the wet way, forms a black pre- 
cipitate, insoluble in water, alkalies, and alkaline sulphides. With 
regard to its precipitation, $ — this is effected but slowly and imperfectly 
1 >v sulphide of ammonium alone, in the presence of chloride of ammonium 
however, it takes place quickly and completely. Free ammonia is not 
injurious ; it is all one, whether colorless or yellow sulphide of ammo- 
nium is employed. If the directions given are observed, cobalt may be 
precipitated from a solution containing no more than ^^nAnnF prot- 
oxide. In the moist condition, exposed to the air, it oxfljizes to sul- 
phate. In washing it, therefore, water containing sulphide of ammo- 
nium is employed, and the .filter is kept full. It is advisable also to 
mix a little chloride of ammonium with the wash- water, but its 
quantity should be gradually decreased, and the last water used must 
contain none. It is but sparingly soluble- in acetic acid and in dilute 
mineral acids, more readily in concentrated mineral acids, and most 
readily in warm nitro-hydrochloric acid. Mixed with sulphur and 
ignited in a stream of hydrogen, we obtain a product which varies in 
composition according to the temperature employed. The rosidue is 
therefore not suited for the determination of cobalt (H. Rose). By 
heating a solution of cobalt with excess of hyposulphite of soda in a 
sealed tube at 120 0 for one hour, all the cobalt is precipitated as a 
heavy black sulphide, unalterable in the air, easily washed, insoluble in 
dilute hydrochloric and sulphuric acids (W. Gibbs§). It nwqr.be con- 
verted into sulphate by heating in the air, moistening with, nitric acid, 
evaporating with sulphuric acid and igniting. 

0 

* Zeitschr. f. anal. Chem. 4, 54. + .Tourn. Chem. Soc. (2) 1, 51. 

•v Journ. f. prakt. Chem. 82, 262. § Zeitschr. f. anal. Chem. 3, 390. 
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,i. Sulphate of protoxide of cohalt crystallizes, in combination with 
7 an., slowly in oblique rhombic prisms of a line red color, lho crystals 
yield the whole of the water, at a moderate heat, and are converted 
into a rose-colored anhydrous salt, which bears the application of a low 
red heat without losing acid. At a stronger heat the edges become 
black and some sulphuric acid escapes (F. Gauhe*). It dissolves 
rather difficultly in cold, but more readily in hot water. ; 

COM POSITION. 

CoO .... 37*5 48*39 

S 0 3 .... 4 °'° 


77*5 100*00 

e. Nitrite of sesquioxide of cobalt and potassa — If a solution of a 
cobalt salt (not too dilute) is mixed with excess of potassa and then 
with acetic acid till the precipitate is redissolved, and a concentrated 
solution of nitrite of potassa previously acidified with acetic acid is 
added, first a dirty-brownisli precipitate forms which gradually turns 
yellow and crystalline, especially on the application of a gentle bent 
(N. W. FiscHERt). The precipitate dried at 1 oo° consists of Co^0 8 ,2NO, 
+ 3lvO,xS r O s + 2IIO (A. Strom eyer:£). It is decidedly soluble in water, 
less in acetate of potassa whether neutral or acidified with acetic acid, not 
in acetate of potassa to which some nitrite of potassa has been added, 
not in nitrite of potassa, nor in alcohol of 80 per cent. On washing 
with water or solution of acetate of potassa, unless nitrite of potassa is 
added, nitric oxide is constantly evolved in small quantities. It is 
decomposed with separation of brown sesquioxide of cobalt, with 
difficulty by solution of potassa, with ease by soda or baryta. < hi 
being moistened with sulphuric acid and ignited (finally with addition 
of carbonate of ammonia) it leaves 2(CoO,SO s ) + 3(KO,S0 3 ), but. 
there is a difficulty in driving off all the excess of acid without de- 
composing the sulphate of cobalt. The yellow salt is soluble in 
hydrochloric acid, potassa precipitates the whole of the cobalt from this 
solution as hydrated protoxide or protososquioxide. 


§ 81. 

5. Protoxide of Iron ; and 6. Sesquioxide of Iron. 

Iron is usually weighed in the form of sesquioxide, occasionally 
as sulphide. We have to study also the hydrated sesquioxide, 

the SUCCINATE OF THE SESQUIOXIDE, the ACETATE OF THE SESQUIOXIDE, 

and the formate of the sesquioxide. 

a. Hydrated sesqu ioxide of iron y recently prepared, is a reddish-brown 
precipitate, insoHHkin water, in dilute alkalies, and in ammoniaeal 
salts, but readily sSfble in acids ; it shrinks very greatly on drying- 
When dry, it presents a brown, hard mass, with shining conchoid;! 1 
fracture. If the precipitant alkali is not used in excess, the precipitate 
contains basic salt ; on the other hand, if the alkali has been used in 
excess, a portion of it is invariably carried down in combination with 
the sesquioxide of iron, — on which account ammonia alone can properly 

* Zeitschr. f. anal. Chem. 4, 55. + Pogg. Ann. 72, 477 * 

X Ann. d. Cbem. u. Pharm, 96, 218. 
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be used in analysis for this purpose. Under certain circumstances, for 
instance, by protracted heating of a solution of acetate of sesquioxide of 
iron on the water-bath (which turns the solution from blood-red to 
brick-red, and makes it appear turbid by reflected light), and subse- 
quent addition of some sulphuric acid or salt of an alkali, a reddish- 
brown hydrate is produced, which is insoluble in cold acids, even 
though concentrated, and is not attacked even by boiling nitric acid 
(L. Pean 1>e St. Gilles*). 

Closely allied to the hydrated sesquioxide of iron are the highly 
basic salts obtained by mixing dilute cold solutions of sesquioxide of 
iron, best the sesquichloride, with much chloride of ammonium, 
cautiously adding carbonate of ammonia till the fluid on standing in 
the cold instead of becoming clear turns more turbid if anything, and 
then boiling. The precipitates, thus produced in the fluid which still 
retains its acid reaction, contain the whole of the iron present and play 
an important part in analytical separations. They should be washed 
with boiling water containing chloride of ammonium, being soluble to 
a slight extent in pure water. They are not suitable for ignition, a* 
sesquichloride of iron might occasionally escape from them. 

b. The hydrated sesquioxide of iron is, upon ignition, converted into 
the anhydrous sesquioxide. If the hydrate has been superficially dried 
only, the violent escape of steam from the lumps is likely to occasion 
loss ; but if the hydrate has been dried as much as possible by suction 
and still remains moist, it may be ignited without fear of loss. Pure 
sesquioxide of iron, when placed upon moist reddened litmus-paper, 
does not change the color to blue. It dissolves slowly in dilute, but 
more rapidly in concentrated hydrochloric acid ; the application of a 
moderate dogree of heat effects this solution more readily than boiling. 
With a mixture of 8 parts concentrated sulphuric acid and 3 parts 
water, it behaves in the same manner as alumina. The weight of the 
sesquioxide does not vary upon ignition in the air; when ignited with 
chloride of ammonium, sesquichloride of iron escapes. Ignition with 
charcoal, in a closed vessel, reduces it more or less. Strongly ignited 
with sulphur in a stream of hydrogen, it is transformed into proto- 
sulphide. 

COMPOSITION. 

Fe 2 . . . . 56 70.00 

0, .... 24 30-00 

80 100-00 

c. Sulphide of iron, , produced in the wet way, forms a black precipi- 
tate. The following facts are to be noticed with regard to its precipi- 
tation.t Sulphide of ammonium used alone, whether colorless or 
yellow, precipitates pure neutral solutions of protoxide of iron, but 
slowly and imperfectly. Chloride of ammonium acts very favourably ; 
a large excess even is not attended with inconvenience. Ammonia has 
no injurious action. It is all the same whether the sulphide of am 
monium be colorless or light yellow. If the directions given are 
observed, iron may be precipitated by means of sulphide of ammonium 
from solutions containing only TSTyWtftf the protoxide. In such a 


• Journ. f. prakt. Chem. 66, 137. 


t lb . 82, 268. 
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case, however, it is necessary to allow to stand forty-eight hours. 
8ince the precipitate rapidly oxidizes in. contact with air, sulphide of 
ammonium is t6 be added to the wash-water, and the filter kept full. It 
is well also to mix a little chloride of ammonium with the wash-water, 
but the quantity should be continually reduced, and the last water used 
should contain none. In mineral acids, even when very dilute, the 
hydrated sulphide dissolves readily. Mixed with sulphur, and strongly 
ignited in a stream of hydrogen, anhydrous protosulphidp remains 
(II. Bose). ‘ y 

COMPOSITION. 

Fo .... 28 ' 63-64 

S 16 36-36 

44 100*00 

d. When a neutral solution of a salt of sesquioxide of iron is mixed 
with a neutral solution of an alkaline succinate, a cinnamon-colored 
precipitate of a brighter or darker tint is formed ; this is succinate of ses- 
quioxide of iron (Fe 2 0 s ,C 8 H 4 0 6 ). It results from the nature of this pre- 
cipitate, that its formation must set free an equivalent of acid (of succinic 
acid, if the succinate of ammonia is used in excess); e.g., 2 (Fo 2 0 , 38O ) + 

3 (aNH.O, O.H.O.) + 2HO = 2 (Fo,0„ C,H 4 0 .) + 6(NH 4 6, SO,) - 
2HO,C 8 H 4 O fl . The free succinic acid does not exercise any perceptible 
solvent action upon the precipitate in a cold and highly dilute solution, 
but it redissolves the precipitate a little more readily in a warm solu- 
tion. The precipitate must therefore be filtered cold, if we want to 
guard against re-solution. Formerly the precipitate was erroneously 
supposed to consist of a neutral salt, decomposable by hot water into 
an insoluble basic and a soluble acid compound* Succinate of sesqui- 
oxide of iron is insoluble in cold, and but sparingly soluble in hot water. 
It dissolves readily in mineral acids. Ammonia, especially if warm, 
deprives it of the greater portion of its acid, leaving compounds similar 
to the hydrated sesquioxide of iron, which contain from 18 to 30 
eq. Fe 2 0 3 for 1 eq. C g H 4 0 6 (Dipping). 

e. If to a solution of a salt of sesquioxide of iron carbonate of soda 
be added in the cold, till the fluid contains no more free acid, and in 
consequence of the formation of basic salt has become deep red, bur 
remains still perfectly clear, and then acetate of soda be poured in anti 
the mixture boiled, the whole of the iron will be precipitated as basic 
acetate of sesquioxide . The success of this operation depends on the iron 
solution being sufficiently dilute^ the free acid sufficiently neutralized, 
and the acetate of soda in sufficient quantity. The duration of the boil 
ing is of small importance ; if the proportions have been properly hit 
one boiling up is enough. It need hardly be mentioned that the iron 
must previ&u^vbe all converted into sesquioxide. Instead of carbonate' 
and acetate JjMjpda the corresponding salts Of ammonia may be used. 
I lie precipiJg«Qay usually be filtered off and washed without any iron 
passing intflHv filtrate; sometimes, however, the reverse is the case. 
I should recqpmend not to boil longer than necessary to precipitate, to 
filter hot, and to use boiling wash-wat# mixed with some acetate of 
soda or of ammonia ; this gives rise to no inconvenience, since the pre- 
cipitate is usually redissolved in hydrochloric acid, and this solution 
finally precipitated with ammonia. 
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f Instead of the aceute of soda or ammonia used in e, the corrc 
spending formates may be used. The basic formate of sesquioxide of 
iron here obtained is more easily washed than the basic acetate (¥. 
Schulze*). 

BASES OF THE FIFTH GKO UP. 

§82. 

f-'T- 

' i. Oxide of Silveb. 

* 

Silver may be weighed hi* the metallic state, as chloride, sul- 
phide, or cyanide. 

a. Metallic silvery obtained by the ignition of salts of silver with 
organic acids, &c., is a loose, white, glittering mass of metallic lustre ; 
but, when obtained by reducing chloride of silver, &c., in the wet way, 
by zinc, it is a dull gray powder. It fuses at about iooo 0 . Its weight 
is not altered by moderate ignition. It may, however, be distilled by 
the heat of the oxyhydrogen flame (CimiSTOMANOsf). It dissolves 
readily and completely in dilute nitric acid. 

b. Chloride of silvery recently precipitated, is white and curdy. On 
shaking, the large spongy flocks combine with the smaller particles, so 
that the fluid becomes perfectly clear. This result is, however, only 
satisfactorily effected when the flocks have been recently precipitated 
in presence of excess of silver solution (compare G. J. Mulder}:). 
Chloride of silver is in a very high degree insoluble in water, and in 
dilute nitric acid ; strong nitric acid, on the contrary, does dissolve a 
trace. Hydrochloric acid, especially if concentrated and boiling, dis- 
solves it very perceptibly. According to Pierre, i part of chloride of 
silver requires for solution 200 parts of strong hydrochloric acid and 600 
parts of a dilute, acid, composed of 1 part strong acid and 2 parts water. 
On sufficiently diluting such a solution with cold water, the chloride of 
silver falls out so completely that the filtrate is not colored by sulphu- 
retted hydrogen. Chloride of silver is insoluble, or very nearly so in 
concentrated sulphuric acid ; in the dilute acid it is as insoluble as in 
water. In a solution of tartaric acid chloride of silver dissolves per- 
ceptibly on warming; on cooling, however, the solution deposits the 
whole, or, at all events, the greater part of it. Aqueous solutions of 
chlorides (of sodium, potassium, ammonium, calcium, zinc, &c.) all dis- 
solve appreciable quantities of chloride of silver, especially if they are 
hot and concentrated. *' On sufficient dilution with cold water tho dis- 
solved portion separates so completely that the filtrate is not colored by 
sulphuretted hydrogen. The solutions of alkaline and alkaline earthy 
nitrates also dissolve a little chloride of silver. The solubility in the cold 
is trifling ; in the heat, on the contrary, it is? very perceptible. A strong 
solution of nitrate of silver dissolves it slightly, especially in the heat ; 
hut I have found it insoluble in a moderately dilute cold solution of nitrate 
of lead. The action of salts of mercury upon it is remarkable. When 
well washed and treated with a very dilute solution of chloride of mer- 
cury, it becomes white if previously a little blackened by light’, is easily 
diffused in the fluid, and is bu^ tardily deposited. This depends upon the 

* Chem. Ceotmlblatt, 1861, 3. + Zeitschr. f. anal. Chem. 7, 299. 

t Dio Silberprobirmethode, translated into German by D. Chr. Grimm, pp. 10 
an d 3 ix, Leipzig: J. J. Weber. 1859. 
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mercury salt being taken up ) if the silver salt is washed the mercury 
salt will be removed. Nitrate of mercury acts in a similar way, but a 
certain quantity of silver passes at the same time into solution. 
Chloride of silver is much more difficultly dissolved by acetate of mer- 
cury than by the nitrate of mercury ; therefore if you have a solution 
of nitrate of mercury containing chloride of silver, if the mercury 
salt is not present in enormous quantity, the silver may be almost 
absolutely thrown down by addition of an alkaline acetate (H. Debray*). 
Solutions of potash and soda decompose chloride of silver, even at the 
ordinary temperature, more readily on boiling j oxide of silver separates, 
and chloride of the alkali metal is formed. Solution of carbonate of 
soda or of potash decomposes chloride of silver only very imperfectly 
even on boiling ; after long boiling decided traces of chlorine are found 
in the filtrate. Chloride of silver dissolves readily in aqueous ammonia, 
and also in the solution of cyanide of potassium and that of hyposulphite 
of soda. According to Wallace and LamontI i part of chloride of 
silver dissolves in 12*88 parts of strong aqueous ammonia of *89 sp. gr. 
Under the influence of light the chloride of silver soon changes to 
violet, finally black, losing chlorine, and passing partly into Ag 2 Cl. 
The change is quite superficial, but the loss of weight resulting is very 
appreciable (Mulder, op. cit. p. 21). If chloride of silver that has 
become violet or black from the influence of light be treated with 
aqueous ammonia, it dissolves with separation of a very small quantity 
of metallic silver, Ag 2 01 gives AgCl and Ag (Wittstein). On long 
contact (say for 24 hours) with water, especially of 75 0 , chloride of 
silver, although removed from the influence of light, becomes gray, and. 
it appears, decomposed ; the precipitate is found to contain oxide of 
silver, and the water hydrochloric acid (Mulder). On digestion with 
excess of solution of bromide or iodide of potassium, the chloride of silver 
is completely transformed into bromide or iodide of silver, as the case may 
he (FieldJ). On drying, chloride of silver becomes pulverulent ; on 
heating it turns yellow ; at 260° it fuses to a transparent yellow fluid ; 
at a very high heat it volatilizes without decomposition. On cooling 
after fusion it presents a colorless or pale yellowish mass. Fused in 
chlorine gas, it absorbs some chlorine ; on cooling, this escapes, but 
not completely. If it is to be completely expelled, and, in very delicate 
experiments this must be done, we pass carbonic acid before allowing to 
cool (Stas§). Ignition with charcoal fails to effect its reduction to the 
metallic state ; but it may be readily so reduced in a current of hydro- 
gen, carburetted hydrogen, or carbonic oxide. 

COMPOSITION. 

^ I0 7 *93 75* 2 7 

35*4^ 24*73 


1 43*39 100*00 

c. of silver , prepared in the wet way, is a black precipitate, 

insolufl^K water, dilute acids, alkalies, and alkaline sulphides. It is 

*9 * Zeitschr. t Chera. 13, 348. 

t Chem. Gaz. 1859, 137. t Quart. Joum. Chem. Soc. 10, 234* 

§ Recherches sur lea rapports nfciproques des poids atomiques, p. 37. Bruxelles, 
i860. The loss of weight which about 100 grm. chloride of silver Buffered, by the 
expulsion of the absorbed chlorine, was from 7 to 13 mgrm. 
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unalterable in the air; after being allowed to subside, it is filtered and 
washed with ease, and may be dried at ioo° without decomposition. 
It dissolves in concentrated nitric acid, with separation of sulphur. 
Solution of cyanide of potassium dissolves it with difficulty, if it was 
precipitated from a very dilute solution with less difficulty; the 
quantity of cyanide of potassium, too, has great influence on the effect. 
For instance, if cyanide of silver is dissolved in a bare sufficiency of 
cyanide of potassium and sulphuretted hydrogen, or sulphide of 
ammonium is added, sulphide of silver is thrown down; if, on the 
other hand, a large excess of cyanide of potassium is present, no pre- 
cipitate will be produced. If sulphide of silver is dissolved in a con- 
centrated solution of cyanide of potassium, it will generally separate 
at once on addition of much water (Bechamp*). Ignited in a current 
of hydrogen, it passes readily and completely into the metallic state 
(II. Hose). 

composition. 

Ag 107*93 87*09 

S 16*00 12*91 


123*93 100*00 

d. Cyanide of silver , recently thrown down, forms a white curdy 
precipitate insoluble in water and dilute nitric acid, soluble in cyanide 
of potassium and also in ammonia ; exposure to light fails to impart 
the slightest tinge of black to it ; it may be dried at ioo° without 
decomposition. Upon ignition, it is decomposed into cyanogen, which 
escapes, and metallic silver, which remains, mixed with a little para- 
cyanide of silver. By boiling with a mixture of equal parts of sul- 
phuric acid and water, it is, according to Glassford and Napier. 
dissolved to sulphate of silver, with liberation of hydrocyanic acid. 

COMPOSITION. 

A g 107*93 80*56 

C # N 26*04 19*44 


133-97 ioo-oo 

§83. 

2. Oxide of Lead. 

Lead is weighed as oxide, sulphate, chromate, chloride, and 
sulphide. Besides these compounds, we have also to study the carbo- 
nate and the oxalate. 

a. Neutral carbonate of lead forms a heavy, white, pulverulent pre 
cipitate. It is but very slightly soluble in perfectly pure (boiled) 
water, one part requiring 50550 parts (see Expt. No. 42, a); but it 
dissolves somewhat more readily in water containing ammonia and 
ammoniacal salts (comp. Expt. No. 42, b and c), and also in water 
impregnated with carbonic acid. It loses its carbonic acid when 
ignited. 

b. Oxalate of lead is a white powder, very sparingly soluble in 

* Journ. f. prakt. Chem. 60, 64. 
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water. The presence of ammonia salts slightly increases its solubility 
(Expt. No. 43). When heated in close vessels, it leaves suboxide of 
lead ; but when heated with access of air, the yellow oxide. 

c. Oxide of lead , produced by igniting the carbonate or oxalate, is a 
lemon-yellow powder, inclining sometimes to a reddish-yellow, or to 
a pale yellow. When this yellow oxide of lead is heated, it assumes a 
brownish-red color, without the slightest variation of weight. It fuses 
at an intense red heat. Ignition with .charcoal reduces it. When 
exposed to a white heat, it rises in vapor. Placed upon moist red 
litmus paper, it changes the color to blue. When exposed to the air, 
it slowly absorbs carbonic acid. Mixed with chloride of ammonium 
and ignited, it is converted into chloride of lead. Oxide of lead in a 
state of fusion readily dissolves silicic acid and the earthy bases with 
which the latter may be combined. 


COMPOSITION. 

Pb 103*50 92*83 

O ..... 8'oo 7*17 


f. 111*50 too'oo 

d. Sulphate of lead is a heavy white powder. It dissolves, at the 
common temperature, in 22800 parts of pure water (Expt. 44*) ; it is 
less soluble in water containing sulphuric acid (one part requiring 
36500 parts — Expt. No. 45); it is far more readily soluble in water 
containing ammoniacal salts ] from this solution it may be precipitated 
again by adding sulphuric acid in excess (Expt. No. 46). It is almost 
entirely insoluble in alcohol and spirit of wine. Of the salts of 
ammonia, the nitrate, acetate, and tartrate are more especially suited 
to serve as solvents for sulphate of lead : the two latter salts of 
ammonia are made strongly alkaline by addition of ammonia, pre- 
vious to use (Wackenroder). Sulphate of lead dissolves in con- 
centrated hydrochloric acid, upon heating. In nitric acid it dissolves 
the more readily, the more concentrated and hotter the acid ; water- 
fails to precipitate it from its solution in nitric acid j but the addition 
of a copious amount of dilute sulphuric acid ^causes its precipitation 
from this solution.. The more nitric acid the solution contains, the 
more sulphuric acid is required. It dissolves sparingly in concen- 
trated sulphuric acid, and the dissolved portion precipitates again upon 
diluting with water (more completely upon addition of alcohol). A 
moderately concentrated solution of hyposulphite of soda dissolves 
sulphate of lead completely even if cold, more readily if warmed ; on 
boiling, the solution becomes black, from separation of a small quantity 
of sulphide of lead (J. LowEt). The solutions of carbonates and 
bicarbonates of the alkalies convert sulphate of lead, even at the 
common temperature, completely into carbonate of lead. The solu- 
tions of the carbonates, but not those of the bicarbonates, dissolve some 
oxide of lead m this process (H. BbsEj). Sulphate of lead dissolves 
readily in hot solutions of potassa or soda. It is unalterable in the 

(Ch’m C N™ 8 n8 ,S^6, G 5 o) F ' R0DWELI ' 1 P art in 3*696 parts water at 15 

+ Jonrii. f. prakt. Chero. 74, 348. * Pogg. Annal. 95, 426. 
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nir, and at a gentle red heat ; when exposed to a full red heat, it fuses 
without decomposition (Expt. No. 47), provided always reducing gases 
be completely excluded — for, if this is not the case, the weight will 
continually diminish, owing to reduction to sulphide (Erdmann*). At 
a white heat the whole of the sulphuric acid gradually escapes 
(BoussiNGAULTf). When it is ignited with charcoal, sulphide of lead 
is formed at first ; if the heat be raised, this sulphide reacts on unde- 
composed sulphate, metallic lead and sulphurous acid being produced. 
Fusion with cyanide of potassium reduces the whole of the lead to the 
metallic state. Sulphate of lead mixed with sulphur and exposed to 
intense ignition in a current of hydrogen, yields the sulphide, but loss 
can scarcely be avoided, compare /. 

COMPOSITION. 

PbO . . . . 111*50 73*60 

S 0 8 .... 40*00 26*40 


v 151*50 ioo’oo 

e. Chloride of lead obtained by precipitation is a white crystalline 
powder. It separates in needles from a hot solution containing a 
certain quantity of hydrochloric acid ; occasionally it presents wedge- 
shaped crystals, or when separated from a strong hydrochloric solution, 
hexagonal tables. At 17*7° water dissolves *946 per cent. ; a fluid con- 
taining 15 per cent, of hydrochloric acid of 1*162 sp. gr. dissolves *090 ; 
a fluid containing 20 per cent, acid dissolves *iii per cent.; a fluid 
containing 80 per cent, acid dissolves 1*498 per cent. Pure hydro- 
chloric acid of the above strength dissolves 2*900 per cent. (J. Carte a 
BellJ). Chloride of lead is less soluble in water containing nitric 
acid than in water (1 part requires 1636 parts, Bischof). It is 
extremely sparingly soluble in spirit of wine of 70 to 80 per cent., and 
altogether insoluble in absolute alcohol. It is unalterable in the air. 
It fuses at a temperature below red heat, without loss of weight. 
When exposed to a higher temperature, with access of air, it volatilizes 
slowly, being partially decomposed : chlorine gas escapes, and a mixture 
of oxide and chloride of lead remains. 

COMPOSITION. 

Pb . .<• . . . 103*50 74*48 

Cl r • • . . 35*46 25.52 


138*96 100*00 

/. Sulphide of fe#ag}repared in the wet way, is a black precipitate, 
insoluble in water, dilute acids, alkalies, and alkaline sulphides. In 
precipitating it from a solution containing free hydrochloric acid, it is 
necessary to dilute plentifully, otherwise the precipitation will be 
incomplete. Evpn^gta fluid only contain 2*5 per cent. HC 1 , the whole 
pf the lead will gljr be precipitated (M. Martin§). It is unalterable 
111 the air; it cannot be dried at ioo° without decomposition. Accord- 

* Journ. f. prakt. Chem. 62, 381. + Zeitscbr. f. anal. Chem. 7> 244. 

X Journ. Chem. Soc. (2) 6, 355. § Journ. f. prakt. Chem. 67, 374. 
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intr to II. Rose it increases perceptibly in weight by oxidation; in the 
case of long-protracted drying even becoming a few per-cents heavier. 

I have confirmed his statement (see Expt. No. 48). If sulphide of lead 
mixed with sulphur is heated gently in a current of hydrogen so that 
the lower quarter of the crucible is red hot, sulphide of lead is left 
without loss of weight. By continuing a gentle^ heat the weight gra- 
dually diminishes, by strong ignition the loss is rapid. This loss is 
partly owing to volatilization of sulphide of lead, but mainly to escape of 
sulphur in the form of sulphuretted hydrogen and formation of Pb 2 S, 
or even of lead (A. SoucHAYf). It dissolves in concentrated hot 
hydrochloric acid, with evolution of sulphuretted hydrogen. In mode- 
rately strong nitric acid, sulphide of lead dissolves, upon the application 
of heat, with separation of sulphur;— if the acid is rather concentrated, 
a small portion of sulphate of lead is also formed. Fuming nitric acid 
acts energetically upon sulphide of lead, and converts it into sulphate 
without separation of sulphur. 

COMPOSITION. 

Fb 103-50 86*6i 

S 16-00 13-39 


g. For the composition and properties of chromate of lead seo Chromic 
acid , § 93. 

§84. 


3. Suboxide of Mercury ; and 4. Oxide of Mercury. 

Mercury is weighed either in the metallic state, as subchloride, 
or as sulphide, or occasionally as oxide. 

a. Metallic mercury is liquid at the common temperature; it has a 
tin-white color. When pure, it presents a perfectly bright surface. 
It is quite unalterable in the air at a common temperature. It boils 
at 360°. It evaporates, but very slowly, at the ordinary temperature 
of summer. Upon long-continued boiling with water, a small portion 
of mercury volatilizes, and traces escape along with the aqueous vapor, 
whilst a very minute proportion remains suspended (not dissolved) in 
the water (comp. Expt. No. 49). This suspended portion of mercury 
subsides completely after long standing. When mercury is preci- 
pitated from a fluid, in a very minutely divided state, the small globules 
will readily unite to a large one if the mercury be perfectly pure; 
but even the slightest trace of extraneous matter, such as fat, Ac., 
adhering to the mercury will prevent the union of the globules. 
Mercury does not dissolve in hydrochloric acid, even in concentrated ; 
it is barely soluble in dilute cold sulphuric acid, but dissolves readily io 
nitric acid. 

b. Subchloride of mercury, prepared in the wet way, is a heavy white 
powder. It is almost absolutely insoluble in cold water ; in boiling 
water it is gradually , decomposed, the water taking up chlorine and 
mercury ; upon continued boiling, the < residue acquires a gray color. 
Highly dilute hydrochloric acid fails to dissolve it at the common 
temperature, but dissolves it slowly at a higher temperature ; upon 


* Pogg. Annal. 91, no ; and no, 134. 


t Zeitschr. f. anal. Chem. 4, 63. 
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ebullition, with access of air, the whole of the subchloride is gradually 
dissolved : the solution contains chloride of mercury (Hg„Cl + HC1 + 
0 = 2 HgCl + H0). When acted upon by boiling concentrated hydro- 
chloric acid, it is rather speedily decomposed into mercury, which 
remains undissolved, and chloride of mercury, which dissolves. Boiling 
nitric acid dissolves it to chloride and nitrate of mercury. Chlorine 
water and nitrohydrochloric acid dissolve it to chloride, even in the 
cold. Solutions of chloride of ammonium, chloride of sodium, and 
chloride of potassium, decompose it into metallic mercury and chloride 
of mercury, which latter dissolves ; in the cold, this decomposition is 
but slight, heat promotes the action. It is soluble in hot solution of 
subnitrate of mercury, and still more in that of nitrate of mercury • on 
cooling it crystallizes out almost completely (Debray*). It does not 
affect vegetable colors ; it is unalterable in the air, and may bo dried 
at ioo°, without loss of weight; when exposed to a higher degree of 
heat, though still below redness, it volatilizes completely, without 
previous fusion. 

COMPOSITION, 

H& . 200*00 84*94 

01 . . . . 35 * 4.6 15*06 

235*46 100*00 

c. Sulphide of mercury , prepared in the wet way, is a black powder, 
insoluble in water. Dilute hydrochloric acid, an(J dilute nitric acid fail 
to dissolve it, hot concentrated nitric acid scarcely attacks it, boiling 
hydrochloric acid has no action on it. By prolonged heating with red 
fuming nitric acid it is finally converted into a white compound, 
2HgS + Hg0,N0 6 , which is insoluble or barely soluble in nitric acid. 
It dissolves readily in nitrohydrochloric acid. From a solution of 
chloride of mercury, containing much free hydrochloric acid, the whole 
of the metal cannot be precipitated as sulphide by means of sulphuretted 
hydrogen, until the solution is properly diluted. Should such a 
solution be very concentrated, subchloride of mercury and sulphur are 
precipitated (M. Martin*!*). Solution of potassa, even boiling, fails to 
dissolve it. It dissolves in sulphide of potassium, but readily only in 
presence of free alkali. It is insoluble in sulphide of potassium and 
hydrogen and in the corresponding sodium compound, and is therefore 
precipitated from its solution in sulphide of potassium or sodium by 
sulphuretted hydrogen or by sulphide of ammonium and hydrogen 
(C. BarfoedJ). Small but distinctly perceptible traces dissolve on 
cold digestion with yellowish or yellow sulphide of ammonium, but 
after hot digestion it is scarcely possible to detect any traces in 
solution. § Cyanide of potassium, and sulphite of soda do not dissolve 
lt * On account of the solubility ,of sulphidg^of mercury in sulphide of 
potassium, it is impossible to *precipitate mercury by means of sulphide of 
ammonium completely from solutions containing^* hydrate or carbonate 
°f potassa or soda. Such solutions may Occur, for instance, when a 
solution of chloride of mercury contains much chloride of potassium, or 
chloride of sodium, for, in this case, no oxide of mercury would be 

* Compt. Bend. 70, 995. + Journ. f. prakt. Chem. 67, 376. 

$ Zeitschr. f. anal. Chem. 4, 436. § lb. 3, 140. 
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precipitated on the addition of potassa or soda (II. Hose*). In the air 
it is unalterable, even in the moist state, and at ioo°. When oxposed 
to a higher temperature, it sublimes completely and unaltered. 

composition. 

Hg .... ioo’oo 86*21 

S i6'oo 13*79 


ii6*oo ioo’oo 

d. Oxide of mercury , prepared in the dry way, is a crystalline brick- 
colored powder, which when exposed to the action of heat, changes to 
the color of cinnabar, and subsequently to a violet-black tint. It bears 
a tolerably strong heat without decomposition ; but when heated to 
incipient redness, it is decomposed into mercury and oxygen ; perfectly 
pure oxide of mercury leaves no residue upon ignition. Its escaping 
fumes also should not redden litmus-paper. Water takes up a trace of 
oxide of mercury, acquiring thereby a very weak alkaline reaction. 
Hydrochloric or nitric acid dissolves it readily. 

composition. 

Hg . . . . 100-00 92*59 

0 8-00 7*41 


108-00 ioo*oo 

§ 8 5 . 

5. Oxide of Copper. 

Copper is usually weighed in the metallic state, or in the form of 
oxide, or of SUBSULPHIDE. Besides these forms, we have to examine tLe 
sulphide, the suboxide, and the subsulphocyanide. 

a. Copper , in the pure state, is a metal of a peculiar well-known 
color. It fuses only at a white heat. Exposure to dry air, or to moist 
air, free from carbonic acid, leaves the fused metal unaltered ; but upon 
exposure to moist air impregnated with carbonic acid, it becomes gra- 
dually tarnished and coated with a film, first of a blackish gray, finally 
of a bluish-green color. Precipitated finely divided copper, in contact 
with water and air, oxidizes far more quickly, especially at an elevated 
temperature.. On igniting copper in the air, it oxidizes superficially to 
a varying mixture of oxide and suboxide. In hydrochloric acid, in the 
cold, it does not dissolve if air be excluded ; in the heat it dissolves 
but slightly if the metal is in a compact state. Finely divided copper 
on the contrary- dissolves slowly when heated with strong hydrochloric 
acid, hydrog«bemg evolved and subchloride of copper being formed 
( W ELTZiENj^p 0 opper dissolves readily in nitric acid. In ammonia it 
dissolves sl«|if free access is given to the air • but it remains insoluble 
if the air igjpfluded. Metallic copper brought into contact in a closed 
vessel withiiolution of chloride of copper in hydrochloric acid, or with 
an ammoniacal solution of oxide of copper, reduces the chloride to sub- 

* Pogg. Anna!, no, 141. + Ann. d. Chem. u. Pharm. 136, 109. 
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chloride, or the oxide to suboxide, an equivalent of metal being dis- 
solved for every equivalent of chloride or oxide. 

b. Oxide of copper . — If a dilute, cold, aqueous solution of a salt of 
oxide of copper is mixed with solution of potassa or soda in excess, a 
light blue precipitate of hydrated oxide of copper (CuO,HO) is formed, 
which it is found difficult to wash. If the precipitate be left in the 
fluid from which it has been precipitated, it will even at a summer 
heat, gradually change to bro wnish-black , yielding up the greater 
part of its water of hydration, and" passing into 6CuO,HO (Souchay). 
This transformation is immediate upon heating the fluid nearly to 
boiling. The fluid filtered off from the black precipitate is free from 
copper. It follows from this that the black precipitate is insoluble in 
dilute potassa. Concentrated potassa or soda on the contrary dissolves 
the hydrate, and on long warming even the black oxide (0. Low*). 
The resulting blue solutions remain clear on boiling, even if mixed with 
some water ; but if boiled after being much diluted the whole of the 
copper will separate as black oxide. If a solution of a salt of copper 
contains non-volatile organic substances, the addition of alkali in 
excess will, even upon boiling, fail to precipitate the whole of the 
copper as oxide. The hydrated oxide of copper (6CuO a HO}_pre- 
cipitated with pota ssa or soda fro m hot dilute solutions o bstinately 
retains a p ortion of the precipita nt ; it may, h owever, be c ompletely 
freed fro m this by washing with boilin g water. The precipitated oxide 
after ignition, or the oxide prepared by decomposing the carbonate or 
nitrate by heat, is a brownish-black, or black powder, the weight of 
which remains unaltered even upon strong ignition over the gas- or 
spirit-lamp, provided all reducing gases be excluded (Expt. No. 50). 
If oxide of copper is exposed to a heat approaching the fusing point of 
metallic copper, it fuses, yields oxygen, and becomes Cu 5 0 3 (Favre 
and Maumene). It is very readily reduced by ignition with charcoal, > 
or under the influence of reducing gases ; heated in the air for a long | 
time, the reduced metallic copper re-oxidizes. Mixed with sulphur and 
ignited in a current of hydrogen, towards the end strongly, the oxide 
of copper passes into subsulphide (Cu 3 S — H. Rose). Oxide of copper, 
in contact with the atmosphere, absorbs water ; less rapidly after being 
strongly ignited (Expt. No. 51). It is nearly insoluble in water; but 
it dissolves readily in hydrochloric acid, nitric acid, &c. ; less readily in 
ammonia. It does not affect vegqtable^olqrs. 

COMPOSITION. 


Cu . . . . . 3170 79-85 

0 8-oo 20*15 


39-70 io^-oo 

c. Sulphide of copper , prepared in the wdt way, is a brownish black, 
or black precipitate, almQst absolutely insoluble in water. f When 
exposed to the air in a moist state, it acquires a greenish tint and the 
property of reddening litmus-paper, sulphate of copper being formed. 
Hence the sulphide must be washed with water containing sulphuretted 

* Zeitschr. f. anal. Chem. 9, 463* 

t In some experiments that I made when examining the Weilbach water, I 
*ound that about 950000 parts of water are required to dissolve 1 part of CuS. 
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hydrogen. It dissolves readily in boiling nitric acid, with separation 
of sulphur. Hydrochloric acid dissolves it with difficulty. This is the 
reason why sulphuretted hydrogen precipitates copper entirely from 
solutions which contain even a very large amount of free hydrochloric 
acid (G-rundmann*). Only when we dissolve a copper salt straight in 
pure hydrochloric acid of ri sp. gr. does any copper remain unpre- 
cipitated (M. MARTiNf). It does not dissolve in solutions of potassa 
and of sulphide of potassium, particularly if these solutions be boiling ; 
it dissolves perceptibly in colorless, and much more readily in hot yellow 
sulphide of ammonium. Cyanide of potassium dissolves the freshly pre- 
cipitated sulphide readily and completely. Upon intense ignition in a 
current of hydrogen it is converted into pure Cu 2 S. 

d. If the blue solution which is obtained upon adding to solution of 
copper tartaric acid and then soda in excess, is mixed with solution of 
grape sugar or sugar of milk, and heat applied, an orange-yellow pre- 
cipitate of hydrated suboxide of copper is formed, which contains the 
whole of the copper originally present in the solution, and after a short 
time, more particularly upon the application of a stronger heat, turns 
red, owing to the conversion of the hydrate into anhydrous suboxide 
(Cu 3 0 ). The precipitate, which is insoluble in water, retains a portion 
of alkali with considerable tenacity. When treated with dilute sul- 
phuric acid, it gives sulphate of copper which dissolves, and metallic 
copper which separates. 

e. Submlphocyanide of copper (Cu 2 CyS 2 ) which is always formed when 
sulphocyanide of potassium is added to a solution of copper, mixed 
with sulphurous or hypophosphorous acid, is a white precipitate in- 
soluble in water, as well as in dilute hydrochloric or sulphuric acid. 
Dried at 115 0 , the salt retains from 1 to 3 per cent, of water, which 
is driven off only by heating to incipient decomposition ; it is, therefore, 
not well adapted for direct weighing. When ignited with sulphur, 
with exclusion of air, it changes to Cu 2 S (Rivot^:). When heated with 
hydrochloric acid and chlorate of potassa, or with sulphuric acid and 
nitrid acid, it is dissolved and suffers decomposition. Solutions of 
potassa and soda separate hydrated suboxide of copper, with formation 
of sulphocyanide of the alkali metal. 

/. iftubsulphide of copper , produced by heating CuS in a current of 
hydrogen or Cu 2 CyS 2 with sulphur, is a grayish-black crystalline mass, 
which may be ignited and fused without decomposition if the air is 
excluded^ 

composition. 

£ u 3 ' 4 ° 

B 

* 79*40 100*00 

jjj| Oxide of Bismuth. 

Bismuth is weighed as oxide, as metal, or as chromate (BiO,, 
20rOJ. Besides these compounds, we have to study here the basic 

* Journ. f.prakt. Chem. 73, 241. t /k 67, 375. t lb. 62, 2$2. 


79*85 

20*15 
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CARBONATE, the BASIC NITRATE, tllO BASIC CHLORIDE, and the 
SULPHIDE. 

a. Teroxide of bismuth, prepared by igniting the carbonate or nitrate, 
is a pale lemon-yellow powder which, under the influence of heat, 
assumes transiently a dark yellow or reddish-brown color. When 
heated to intense redness, it fuses, without alteration of weight. Igni- 
tion with charcoal, or in a current of carbonic oxide, reduces it to the 
metallic state. Fusion with cyanide of potassium also effects its com- 
plete reduction (H. Rose*). It is insoluble in water, and does not affect 
vegetable colors. It dissolves readily in those acids which form soluble 
salts with it. When ignited with chloride of ammonium it gives metallic 
bismuth, the reduction being attended with deflagration. 


COMPOSITION. 


CO 

O 

CM 

S9* 6 5S 

» . 24 

IO '34S 

232 

lOO’OOO 


b. Metallic bismuth is white, with a reddish tinge, moderately hard, 
brittle, with a tendency to crystallize. It fuses at 264 °, and at alow 
white heat volatilizes. It does not oxidize in the air at the ordinary 
temperature, but with the cooperation of water it oxidizes slowly, more 
speedily on fusion. It dissolves in dilute nitric acid. 

c. Carbonate of bismuth. — Upon adding carbonate of ammonia in excess 
to a solution of bismuth, free from hydrochloric acid, white precipitate 
of carbonate of bismuth (BiO B ,CO s ) is immediately formed ; part of this 
precipitate, however, redissOlves in the excess of the precipitant. But 
if the fluid with the precipitate be heated before filtration, the filtrate 
will bo free from bismuth. (Carbonate of potassa likewise precipitates 
solutions of bismuth completely ■ but the precipitate in this case invari- 
ably contains traces of potassa, which it is very difficult to remove by 
washing. Carbonate of soda precipitates solutions of bismuth less com- 
pletely.) The precipitate is easily washed ; it is practically insoluble in 
water, but dissolves readily, with effervescence, in hydrochloric and nitric 
acids. Upon ignition it leaves the oxide. 

d. The basic nitrate of bismuth, which is obtained by mixing with 
water a solution of the nitrate containing' little or no free acid, presents 
a white, crystalline powder. It cannot be washed with pure cold water 
without suffering It. decided alteration. It becomes more basic, while 
the washings show an acid reaction, and contain bismuth. If the basic 
salt, however, be washed with cold water containing of nitrate of 
ammonia, no bismuth passes through the filter. The solution of nitrate 
of ammonia must not be warm, These remarks only apply in the absence 
°f free nitric acid (J. LbWEt). On ignition v the basic nitrate passes into 
the oxide. 

«. Basic chloride of bismuth, forxxtad by adding much water to solution 
of bismuth containing hydrochloric acid or chloride of sodium, is a bril- 
hant white powder ( 2 BiO s ,BiCl g + aq.). It is insoluble in water, but 
dissolves in concentrated hydrochloric or nitric acid. Fused with 
cyanide of potassium it gives metallic bismuth, 

* Journ. f. prakt. Cbcm. 61, 188. 


t lb. 74. 341. 
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/. Chromate of bismuth (Bi0 8 ,2Cr0 g ), which is produced by adding 
bichromate of potassa, slightly in excess, to a solution of nitrate of bis- 
muth as neutral as possible, is an orange-yellow, dense, readily-subsiding 
precipitate, insoluble in water, even in presence of some free chromic 
acid, but soluble in hydrochloric acid and nitric acid. It may be dried at 
ioo° — ii2° without decomposition (Lowe*). 

composition. 

BiO a .... 232*00 69*78 

2CrO a .... 100*48 30*22 

332*48 100*00 

g. Sulphide of bismuth , prepared in the wet way, is a brownish-black, 
or black precipitate, insoluble in water, dilute acids, alkalies, alkaline 
sulphides, sulphite of soda and cyanide of potassium . In moderately 
concentrated nitric acid it dissolves, especially on warming, to nitrate, 
with separation of sulphur. Hence in precipitating bismuth from a 
nitric acid solution, care should be taken to dilute sufficiently. Hydro- 
chloric acid impedes the precipitation by sulphuretted hydrogen only 
when a very large excess is present, and the fluid is quite concentrated. 
The sulphide does not change in the air. Dried at ioo°, it continually 
takes up oxygen and increases slightly in weight ; if the drying is pro- 
tracted this increase may be considerable (Expt. 52). Fused with 
cyanide of potassium, it is completely reduced (H. Rose). Reduction 
takes place more slowly by ignition in a current of hydrogen. 

COMPOSITION. 

Bi . . . . 208 81*25 

S g . . . . 48 1875 

256 100*00 

§ 87. 

7. Oxide of Cadmium. 

Cadmium is weighed either as oxide or as sulphide. Besides these 
substances, we have to examine carbonate of cadmium. 

a. Oxide of cadmium , produced by igniting the carbonate or nitrate, 
is a yellowish-brown or reddish-brown powder. The application of a 
white-heat fails to fuse, volatilize, or decompose it ; it is insoluble in 
water, but dissolves readily in acids ) it does not alter vegetable colors. 
Ignition with, charcoal, or in a current of hydrogen, carbonic oxide, or 
carburet^e^hydrogen, reduces it readily, the metallic cadmium escaping 
in the iovWoi vapor. 

COMPOSITION. 

Cd . . . . 56*00 87*50 

0 ..... 8*oo 12*50 

64*00 100*00 

* Journ. f. prakt. Cliem. 67, 291. 
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b. Carbonate of cadmium is a white precipitate, insoluble in water and 
the fixed alkaline carbonates* and extremely sparingly soluble in car- 
bonate of ammonia. It loses its water completely upon drying. Igni- 
tion converts it into oxide. 

c. Sulphide of cadmium, produced in the wet way, is a lemon-yellow 
to orange-yellow precipitate, insoluble in water, dilute acids, alkalies, 
alkaline sulphides, sulphite of soda, and cyanide of potassium ( Expt. 
No. 53). It dissolves readily in concentrated hydrochloric acid, with 
evolution of sulphuretted hydrogen. In precipitating, therefore, with 
sulphuretted hydrogen, a cadmium solution should not contain too much 
hydrochloric acid, and should be sufficiently diluted. The sulphide dis- 
solves readily in dilute sulphuric acid on heating. It dissolves in mode- 
rately concentrated nitric acid, with separation of sulphur. It may be 
washed, and dried at ioo° or 105°, without decomposition. Even on 
gentle ignition in a current of hydrogen, it volatilizes in appreciable 
amount (H. Rose*), partially unchanged, partially as metallic vapor. 

COMPOSITION. 

Cd . . . . . 56*00 7778 

S ..... l6*00 22'22 


72*00 100*00 

AC OXIDES OF THE SIXTH GROUP. 

§ 88 . 

1. Teroxide of gold. 

Gold is alway|^Bphed in the metallic state. Besides metallic gold, 
we have to consi^^HIe tersulpiiide. 

a. Metallic £/o|Jr obtained by precipitation, presents a blackisli-brown 
powder, destitute bf metallic lustre, which it assumes, however, upon 
pressure or friction ; when coherent in a compact mass, it exhibits the 
well-known bright yellow color peculiar to it. It fuses only at a white 
heat, and resists, accordingly, all attempts at fusion over a spirit-lamp. 
It remains wholly unaltered in the air and at a red heat, and is not 
in the slightest degree affected by water, nor by any simple acid. 
Nitrohydrochloric acid dissolves it to terchloride. Hot concentrated 
sulphuric acid containing a little nitric acid dissolves gold, especially if 
in a finely divided condition, to a yellow fluid, from which it is thrown 
down again by water (J. SpiLLERt). 

b. Ter sulphide of gold , — When sulphuretted hydrogen is transmitted 
through a cold dilute solution of terchloride of gold, the whole of the 
gold separates as tersulphide (AuS s ), in form of a brownish-black pre- 
cipitate. If this precipitate is left in the fluid, it is gradually trans- 
formed into metallic gold and free sulphuric acid. Upon transmitting 
sulphuretted hydrogen through a warm solution of terchloride of gold, 
ft protosulphide (AuS) precipitates, with formation of sulphuric and 
hydrochloric acids. 

(2 AuCl 3 + 3 HS + 4HO » 2AuS + 6 HC 1 + HO,SO a .) 

* Fogg. Annal. no, 134. + Chem. New*, 14, 256. 
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The tersulphide is insoluble in water, hydrochloric acid, and nitric 
acid, but dissolves in nitrohydrochloric acid. The colorless sulphide of 
ammonium fails to dissolve it ; but it 'dissolves almost entirely in the 
yellow sulphide of ammonium, and completely upon addition of potassa. 
It dissolves in potassa, with separation of gold. Yellow sulphide of 
potassium dissolves it completely. It dissolves in cyanide of potassium. 
Exposure to a moderate heat reduces it to the metallic state. 

§89. 

2. Binoxide of Platinum. 

Platinum is invariably weighed in the metallic state; it is 
generally precipitated as bichloride of platinum and chloride of 

AMMONIUM, or as BICHLORIDE OF PLATINUM AND CHLORIDE OF POTASSIUM, 

rarely as bisulphide of platinum. 

a . Metallic platinum , produced by igniting the bichloride of platinum 
and chloride of ammonium, or the bichloride of platinum and chloride 
of potassium, presents the appearance of a gray, lustreless, porous mass 
(spongy platinum). The fusion of platinum can be effected only at the 
very highest degrees of heat. It remains wholly unaltered in the air, 
and in the most powerful furnaces. It is not attacked by water, or 
simple acids, and scarcely by aqueous solutions of the alkalies. Nitro- 
hydrochloric acid dissolves it to bichloride. 

b. The properties of bichloride of platinum and chloride of potassium , 
and those of bichloride of platinum and chloride of ammonium , have been 
given already in §§ 68 and 70 respectively. 

c. Bisulphide of platinum. — When a concentrated solution of bichloride 
of platinum is mixed with sulphuretted hydrogen water, or when sul- 
phuretted hydrogen gas is transmitte^through a rather dilute solution 
of the bichloride, no precipitate forms at first; after standing some 
time, however, the solution turns brown, and fihally a precipitate 
subsides. But if the mixture of solution of bichloride of platinum with 
sulphuretted hydrogen in excess, is gradually heated (finally to ebulli- 
tion), the whole of the platinum separates as bisulphide (free from 
any admixture of bichloride). The bisulphide of platinum is insoluble 
in water and in simple acids ; but it dissolves in nitrohydrochloric acid. 
It dissolves partly in caustic alkalies, with separation of platinum, and 
completely in alkaline sulphides, especially the polysulphides if used in 
sufficient excess. When sulphuretted hydrogen is 'tr ansmi tted through 
water holding minutely divided bisulphide of platinum in suspension, 
the bisulphide, absorbing sulphuretted hydrogen, acquires a light 
grayish -brown color ; the sulphuretted hydrogen thus absorbed, 
separates again upon exposure to the air. When moist bisulphide of 
platinum is exposed to the air, it is gradually decomposed, being con- 
verted into metallic platinum and sulphuric acid. Ignition in the air 
reduces bisulphide of platinum to the metallic state. 

3. Teroxide of Antimony. 

Antimony is weighed as tersulphide, as antimonious acid, or more 
rarely in the metallic state. 
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a. Upon transmitting sulphuretted hydrogen through a solution of 
terehloride of antimony mixed with tartaric acid, an orange precipitate 
of amorphous tersulphide is obtained, mixed at first with a small portion 
of basic terehloride of antimony. However, if the fluid is thoroughly 
saturated with sulphuretted hydrogen, and a gentle heat applied, the 
terehloride mixed with the precipitate is decomposed, and the pure ter- 
sulphide obtained. Tersulphide of antimony is insoluble in water and 
dilute acids; it dissolves in concentrated hydrochloric acid, with 
evolution of sulphuretted hydrogen. In precipitating with sulphuretted 
hydrogen, therefore, antimony solutions should not contain too much 
free hydrochloric acid, and should be sufficiently diluted. The amor- 
phous tersulphide dissolves readily in dilute potassa, sulphide of ammo- 
nium, and sulphide of potassium, sparingly in ammonia, very slightly in 
carbonate of ammonia, and not at all in bisulphite of potassa. The 
amorphous sulphide, dried in the desiccator at the ordinary tempe- 
rature, loses very little weight at ioo°; if kept for some time at this 
latter temperature its weight remains constant. But it still retains a 
little water, which does ndt perfectly escape even at 190°, but at 200° 
the sulphide becomes anhydrous, turning black and crystalline (H. Hose* 
and Bxpt. No. 54). Ignited gently in a stream of carbonic acid, the 
weight of this anhydrous sulphide remains constant; at a stronger 
heat a small amount volatilizes. The amorphous sulphide, if long 
exposed to the action of air, in presence of water, slowly takes up 
oxygen, so that on treatment with tartaric acid it yields a filtrate con- 
taining teroxide. 

The pentasulphide of antimony is insoluble in water, also in water 
containing sulphuretted hydrogen. It dissolves completely in ammonia, 
especially on warming ; traces only dissolve in carbonate of ammonia. 
On heating the dried pentasulphide in a current of carbonic acid 2 eq. 
sulphur escape, black crystalline tersulphide remaining. 

On treating the ter- or pentasulphide with fuming nitric acid violent 
oxidation sets in. We obtain first antimonic acid and pulverulent 
sulphur ; on evaporating to dryness antimonic acid and sulphuric acid ; 
and lastly on igniting antimonious acid. The same (antimonious acid) 
is obtained by igniting the sulphide with 30 to 50 times its amount of 
oxide of mercury (Bunsen+). Ignition in a current of hydrogen con- 
verts the sulphides of antimony into the metallic state. 

COMPOSITION. 

Sb % . . . 122-00 71*77 

S # S . • • • 48-00 28-23 


170*00 100*00 

ft. Antimonious acid is a wliite powder, which, when heated, acquires 
transiently a yellow tint ; it' is infusible ; it is fixed, provided reducing 
gases be excluded. It is almost insoluble in water, and dissolves in 
hydrochloric acid with very great difficulty. It undergoes no alteration 
on treatment with sulphide of ammonium. It manifests an acid reaction 
^hen placed upon moist litmus-paper. 

* Journ. f, prakt. Chem. 59, 331. 


f AnnaL d. Chem. u. Pharm. 106, 3. 
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COMPOSITION. 

Sb 122*0 79*22 

0 4 32.0 20*78 

154*0 100*00 

c. Metallic antimony , produced in the wet way, by precipitation 
presents a lustreless black powder. It may be dried at ioo° without 
alteration. It fuses at a moderate red heat. Upon ignition in a 
current of gas, e.r/., hydrogen, it volatilizes, without formation of anfci- 
monetted hydrogen. Hydrochloric acid has very little action on it 
even when concentrated and boiling. Nitric acid converts it into 
teroxide of antimony, mixed with more or less antimonious acid, accord- 
ing to the concentration of the nitric acid. 


§ 91. 

4. Protoxide of Tin; and 5. Binoxide op Tin. 

Tin is generally weighed in the form of binoxide ; besides the bin- 
oxide, we have to examine protosulphide and bisulphide of tin. 

. a ’ The hydrate of the binoxide b {hydrated metastan - 

me acid) is obtained in the form of a white precipitate, by the action of 
nitric add upon metallic tin, or by evaporating a solution of tin with 
niti no acid in excess. This precipitate is insoluble in water and but 
\ ery slightly m nitric acid and dilute sulphuric acid. By heating with 
lydrochloric acid, metachloride of tin is formed which is insoluble in 
wi''?’ bu * soluble in water after the expulsion of the excess 
• -1 . ™ dde,ls htmus, uven when thoroughly washed. But if we 
of sol ^ 8olutlon f bichloride of tin with an alkali, or with sulphate 
whiel, ’ r “I 1 *™* 6 ° f , a J“ m . oma ' we obtain tbe hydrate of the binoxide a, 
excettoTiri,r, lly f l n Y'pchhvio acid. If soda is added in 
tldch k “ of , tm solution, metastannate of soda is separated, 

SrvehS S °u a a - nd . Weak s P irit i b ut « soda is added to 
seoarate mrain 6 ° m ’ precipitate dissolves in excess and does not 
Barfoeo*! 8 TInrm 11 ' T addltloa of a lar 8 e quantity of soda (C. F. 
the anhvdrons v? en „ s ®, 1 ^ ni ^P n » both hydrates are converted into 

of h^r^ns?!^ i3astraw ‘ c0 , 1 ° red P° wder . "hich under the influence 
ot heat, transiently assumes a different tint, varying from bright vellow 
to brown It is insoluble in water and akds/mM dZ not alter thl 
cdorof htmus^p er: Mixed with chloride if amm^in excess, 

M bichloride. If binoxide of tin 
meta lk^lilr d E- 0 k f P otM81um - aU the tin is obtained in form of 
oTmetal T ^ ^fP 1 ^- and without the least lo, 

of ^ adb ? nn « slag, by extracting with dilute spb it 

RoseJ)? P y mg the fluid tbe tin globules (U. 

x a , j * Zeitschr. f. anal. Chem. 7 260 

t Anno. d. Chem. u. lWm. 105, I04 . ' t Journ^f. pra kt. Chem. 61, 1S9. 
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COMPOSITION. 

Sn 50 78*67 

0, . ... 16 2i*33 


75 100*00 

b. Hydrated protosulphide of tin forms a brown precipitate, insoluble 
in water, sulphuretted hydrogen water, and dilute acids. In precipi- 
tating tin from solutions of the protoxide by means of sulphuretted 
hydrogen, free hydrochloric acid must not be present in too large 
amount, and the solution must be diluted sufficiently. Ammonia fails 
to dissolve it ; but it dissolves pretty readily (as bisulphide) in the 
yellow sulphide of ammonium, and in the yellow sulphide of potassium ; 
it dissolves readily in hot concentrated hydrochloric acid. Heated, 
with exclusion of air, it loses its water, and is rendered anhydrous ; 
when exposed to the continued action of a gentle heat, with free access 
of air, it is converted into sulphurous acid, which escapes, and binoxide 
of tip, which remains. 

c. Hydrated bisulphide of tin precipitated by acids from the solution of 
its alkaline sulphosalts is a light-yellow precipitate. In washing with 
pure water, it is inclined to yield a turbid filtrate and to stop up the 
pores of the filter ; this annoyance is got over by washing with water 
containing chloride of sodium, acetate of ammonia, or the like 
(Bunsen). On drying, the precipitate assumes a darker tint. It is 
insoluble in water ; it dissolves ' with difficulty in ammonia, but readily 
in potassa, alkaline sulphides, and hot concentrated hydrochloric acid. 
It is insoluble in bisulphite of potassa. In precipitating tin from 
solutions of the binoxide by sulphuretted hydrogen, the solution should 
not contain too much free hydrochloric acid, and should bo sufficiently 
diluted. According to C. E\ Barfoed,* the precipitates thus produced 
are not pure hydrated bisulphide, but a mixture of this with hydrated 
stannic or metastannic acid, as the case may be. The precipitate thrown 
down from ordinary chloride of tin keeps its yellow color even after 
long standing nr the fluid and dissolves completely in excess of soda ; 
that thrown down from the metachloride is first white and becomes 
gradually yellow, it turns brown on standing in the fluid and dissolves 
in excess of soda, leaving, however, a considerable residue of metastan- 
nate of soda. When heated, with exclusion of air, the sulphide loses 
its water of hydration, and, at the same time, according to the degree 
of heat, one-half, or a whole equivalent of sulphur, becoming converted 
either into sesquisulphide, or into protosulphide of tin ; when heated 
very slowly, with free access of air, it is converted into binoxide of tin, 
with disengagement of sulphurous acid. 

p 2 - . 

6. Arsenious Acid; and 7. Arsenic Acid. 

Arsenic is weighed either as arseniate of lead, as tersulphide, 

as ARSENIATE OF MAGNESIA AND AMMONIA, as ARSENIATE OF MAGNESIA, 
as ARSENIATE OF URANIUM, Or OS BASIC ARSENIATE OF SESQUIOXIDE OF 


* Zeitsclir. f. anal. Ckem, 7 > 261. 
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iron; besides these forms, we have here to examine also arsenio- 

MOLYBDATE OF AMMONIA. 

a. Arseniate of lead , in the pure state, is a white powder, which 
agglutinates when exposed to a gentle red heat, at the same time tran- 
sitorily acquiring, a yellow tint ; it fuses when exposed to a higher 
degree of heat. When strongly ignited, it suffers a slight diminution 
of weight, losing a small proportion of arsenic acid, which escapes as 
arsenious acid and oxygen. In analysis we have never occasion to 
operate upon the pure arseniate of lead, but upon a mixture of it with 
oxide of lead. 

b. Ter sulphide of arsenic forms a precipitate of a rich yellow color ; it 

is insoluble in water,*, and also in sulphuretted hydrogen water. "When 
boiled with water, or left for several days in contact with that fluid, it 
undergoes a very trilling decomposition : a trace of arsenious acid dis- 
solves in the water, and a minute proportion of sulphuretted hydrogen 
is disengaged. This does not in the least interfere, however, with the 
washing of the precipitate. The precipitate may be dried at ioo°, with- 
out decomposition ; the whole of the water which it contains is expelled 
at that temperature. When exposed to a stronger heat, it transitorily 
assumes a brownish-red color, fuses, and finally rises in vapor, without 
decomposition. It dissolves readily in alkalies, alkaline carbonates, 
alkaline sulphides, bisulphite of potassa, and nitrohydroohloric acid ; 
but it is scarcely soluble in boiling concentrated hydrochloric acid, 
lied fuming nitric acid converts it into arsenic acid and sulphuric acid. 
It is insoluble in sulphide of carbon. '* 


COMPOSITION. 


As 75 60*98 

S 8 48 39*°2 


123 100*00 

c. Arseniate of magnesia and ammonia forms a white, somewhat trans- 
parent, finely crystalline precipitate, which fahep. dried in a desiccator 
has the formula 2Mg0,NH 4 0,As0 B + 12 aq. At ioo°, it loses 11 eq. 
water; the formula of the precipitate dried at that temperature is 
accordingly 2Mg0,NH 4 0,As0 ft + aq. At a higher temperature, say 
105° — 1 1 o°, more water escapes, and at 130° this loss is considerable 
(Puller! ). Upon ignition it loses its water and ammonia, and changes 
to 2MgO,AsQ 4 . On rapid ignition the escaping ammonia has a re- 
ducing action on the arsenic acid, and a notable loss is occasioned (H. 
Bose) ; by raising the heat very gradually reduction may be avoided 
(H. Bose, WTttstein,J Puller), or by passing a current of dry 
oxygen durn^fce ignition. Arseniate of magnesia and ammonia dis- 
solves verv^Bringly in water, one part of the salt dried at ioo°, 
requiring one part of the anhydrous salt, 2788 parts of water of 
15 6 . Itia^Ress soluble in ammomated water, one part of the salt 

* In some experiments which I had occasion to make, in the course of an 
analysis of the springs of Weilbach (Chemische Untersuehung dor wiohtig&ten 
N asaauischen Mineralwaeser von Dr. Fresenius, V. Schwefelquelle zu Weilbach. 
Wiesbaden, Kreidel und Niedner. 1856), I found that one part of AsS # dissolves 
in about I million parts of water. 

t Skitsclir. f. anal. Chem. 10, 62. $ lb, 2, 19. 
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dried at ioo° requiring 15038, one part of the anhydrous salt, 15786 
parts of a mixture of one part of solution of ammonia (-96 sp. gr.), and 
3 parts of water at 1 5 0 . In water containing chloride of ammonium, 
it is much more readily soluble, one part of the anhydrous salt requir- 
ing 886 parts of a solution of one part of chloride of ammonium in 7 
parts of water. Presence of ammonia diminishes the solvent capacity 
of the chloride of ammonium ; one part of the anhydrous salt requires 
3014 parts of a mixture of 60 parts of water, 10 of solution of ammonia 
(•96 sp. gr.) and one of chloride of ammonium.* A solution of chloride 
of ammonium, ammonia and sulphite of magnesia dissolves much less 
of the salt than ammoniated water ; thus, Puller (loc. cit.) found that 
one part of the anhydrous salt dissolved in 32827 parts of a fluid con- 
taining of magnesia mixture (p. 98). Excess of alkaline arseniato 
still more diminishes the solubility of the salt in water containing am- 
monia and chloride of ammonium (Puller), 

COMPOSITION OF THE ARSEN I ATE OF MAGNESIA AND AMMONIA 



DRIED AT 100 ° 


2MgO 

, . . . 40*00 

21-05 

NH 4 0 . 

, . . . 2604 

13-68 

AsO. . 

, . . . 115*00 

60-53 

HO 

, . . . 9*00 

4-74 


190*04 

100*00 


d. Arseniate of magnesia, obtained by careful ignition of the preced- 
ing salt, is white, infusible by ignition in a porcelain crucible even over 
the blowpipe, but agglutinating at a still higher temperature, and finally 
fusing. After ignition in a porcelain crucible it dissolves readily in* 
hydrochloric acid, ammonia precipitates the arseniate of ammonia and 
magnesia from the solution in a crystalline form. 

COMPOSITION. 

aMgO .... 40 25*81 

Ajs0 4 . . . . . 115 74*19 

155 100*00 

e. Arseniate of urbnium.-~-lt a solution of arsenic acid is mixed with 
potash in slight excess, then with acetic acid to strongly acid reaction, 
and finally with acetate of uranium, the whole of the arsenic is thrown 
down as 2 TIr a 0 8 ,H 0 ,As 0 5 + 8 aq. In the presence of salts of ammonia 
the precipitate # also contain the whole of the arsenic, and consists of 
2 Ur 2 0 8 ,KH 4 0 ,As 0 5 +• aq. Both precipitates are pale yellowish-green, 
slimy, insoluble in water, apetip add and saline solutions, such as chloride 
of ammonium, soluble in minerj&acids. Boiling favors the separation 
of the precipitate, addition of i^few drops of chloroform will help it to 
settle, the washing) is to be effected by boiling up and decanting. Both 
precipitates give 2Ur a 0 8 ,As0 e on ignition. The latter is a light 
yellow residue ; if it has turned greenish from the action of reducirfg 

* Zeitschr. f. anal, Chem. 3, 206. Poller obtained almost the same numbers. 

10, 53). 
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gases, it may be restored to its proper color by moistening with nitric 
acid and re-igniting. On igniting the arseniate of ammonia and mag- 
nesia, the ammonia must first be expelled by cautious heating, or a 
current of oxygen must bo passed during the ignition, otherwise the 
arsenic acid will be partially reduced, and arsenic will be lost 
(Puller*.) 


composition. 

2llr 2 0 3 .... 285*6 71*29 

AsO* *115*0 28*71 


400*6 100*00 

/. Arseniate of sesquioxide of iron . — The white slimy precipitate, pro- 
duced by the action of ordinary arseniate of soda upon solution of sesqui- 
chloride of iron, has the composition 2Fe 2 0 3 ,3H0,3As0 6 + 9 aq. Tt 
dissolves in mineral acids, but is only soluble in arsenic acid when the 
solution is cold and very concentrated. By diluting or heating such a 
solution, a precipitate of arseniate of iron falls ; in the latter case, the 
precipitate does not redissolve on cooling (LuNGEf). It dissolves in 
solution of ammonia with a yellow color. Besides this compound, there 
exists still several others, with larger proportions of sesquioxide of 
iron ; thus we have Fe 2 0 3 ,As0 , which falls down + 5 aq., upon the 
precipitation of arsenic acid witn acetate of sesquioxide of iron (Kot- 
schoubey); 2Fe 3 O a ,AsO , which is obtained +12 aq., when the basic 
arseniate of protoxide of iron is oxidized with nitric acid, and ammonia 
added ; — i6Fe 2 0 8 ,As0 8 , which forms + 24 aq. upon boiling the less basic 
compounds with solution of potassa in excess (Berzelius). The two 
latter compounds are not soluble in ammonia; the last is quite like 
hydrated sesquioxide of iron. In Berthier’s method of estimating 
arsenic acid, we obtain mixtures of these different salts. They are the 
better adapted for the purpose, the more basic they are ; being the more 
insoluble in ammonia, and at the same time more easily washed. Upon 
ignition the water alone is expelled, provided the heat be very gradually 
increased. But if the salt is suddenly exposed to a strong heat, before 
the adhering ammonia has escaped, part of the arsenic acid is thereby 
reduced to arsenious acid (H. Bose). 

g. A rsenio-molfbdate of ammonia . — If a fluid containing arsenic acid 
is mixed with excess of the nitric acid solution of molybdate of am- 
monia, the fluid remains clear in the cold, but on heating a yellow 
precipitate of arsenio-molybdate of ammonia separates. This precipitate 
comports itself with solvents like the analogous compound of phosphoric 
^jd ; ^ insoluble in water, nitric acid, dilute 

sulphuric ®B^jtnd salts, provided an excess of solution of molybdate 
of ammonia, mixed with acid in moderate excess, be present. Hydro- 
chloric acid or metallic chlorides, when present in large quantity, inter 
fere with the thoroughness of the precipitation. SeligsohnJ found it 
to be composed of 87*666 per cent, of molybdic acid, 6*308 arsenic acid, 
4* 2 58ji®lhh*iia, and 1768 water. 


ichr. f. anal. Chem. 10, 72. 
t Journ. f. prakt. 


lem. 67, 481. 


f 76 . 6, 185. 
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B . — Forms in which the acids are weighed or precipitated. 

ACIDS OF THE FIRST GROUP. 

§ 93 - 

r. Arsenious Acid and Arsenic Acid. — See § 92. 

2. Chromic Acid. 

Chromic acid is weighed either as sesquioxide, or as chromate of 
lead, or chromate of baryta. We have also to consider the sub- 
chromate of mercury. 

a. Sesquioxide of chromium. — See § 76, 

b. Chromate of lead obtained by precipitation forms a bright yellow 
precipitate, insoluble in water and acetic acid, barely soluble in dilute 
nitric acid, readily in solution of potassa. When chromate of lead is 
boiled with concentrated hydrochloric acid, it is readily decomposed, 
chloride of lead and sesquichloride of chromium being formed. Addi- 
tion of alcohol tends to promote this decomposition. Chromate of lead 
is unalterable in the air; it dries thoroughly at ioo°. Under the 
influence of heat it transitorily acquires a reddish-brown tint ; it fuses 
at a red heat ; when heated beyond its point of fusion, it loses oxygen, 
and is transformed into a mixture of sesquioxide of chromium and 
basic chromate of lead. Heated in contact with organic substances, it 
readily yields oxygen to the latter. 

composition. 

PbO .... 111*50 68*94 

CrO, .... 50*24 31*06 

161*74 100*00 

c. Chromate of baryta is obtained as a light yellow precipitate on 
mixing a solution of an alkaline chromate with chloride of barium. It 
dissolves in hydrochloric and nitric acid, but not in acetic acid. On 
washing with pure water, the latter begins to dissolve it slightly, ;is 
soon as all soluble salts are removed, to such an extent that the wash- 
ings run off yellow. The precipitate is insoluble in saline solutions. 
Hence it is best to use a solution of acetate of ammonia for wash- 
ing (Pearson and Richards*). It is not decomposed by moderate 
ignition. 

composition. 

J&aO 7^*50 60*36 

CrO t .... 50*24 39*64 

126*74 100*00 

d. Chromate of mboxide of mercury obtained by adding nitrate .of 
fi nboxide of mercury to an alkaline chromate is a brilliant red preci- 
pitate, which turns black by the action of light. It dissolves very 
^ghtly in cold water, more in boiling water, being partially converted 
mto a salt of the oxide; it dissolves slightly in dilute nitric acid. 

* Zeitschr. f. anal. Chein. 9, 108. 
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For washing, it is best to use a dilute solution of nitrate of suboxide 
of mercury containing but little free acid ; in this solution it is insoluble 
(II. Kose*). 

3. Sulphuric Acid. 

Sulphuric acid is determined best in the form of sulphate op 
baryta, for the properties of which see § 71, 

4. Phosphoric Acid. 

The principal forms into which phosphoric acid is converted are as 

follows PHOSPHATE OP LEAD, PYROPHOSPHATE OP MAGNESIA, BASIC PHOS- 
PHATE OF MAGNESIA ^MgC^PO,), BASIC PHOSPHATE OF SESQUIOXIDE OP 
IRON, PHOSPHATE OF SESQUIOXIDE OF URANIUM, PHOSPHATE OF BINOXIDE 
OF TIN, and phosphate OF SILVER. Besides these compounds, we have 
to examine phosphate of suboxide of mercury, and phospho-molyjp 

DATE OF AMMONIA. 

a. The phosphate of lead obtained in the course of analysis is rarely 
pure, but is generally mixed with free oxide of lead. In this mixture 
we have accordingly the basic phosphate of lead ( 3 PbO,PO < ); in the 
pure state, this presents the appearance of a white powder ; it is 
insoluble in water, acetic acid, and ammonia ; it dissolves readily in nitric 
acid. When heated it fuses without decomposition. 

h. Pyrophosphate of magnesia .— See § 74. 

c. Basic phosphate of magnesia (3MgO,PO ). — A mixture of this 
compound with excess of magnesia is produced by mixing a solution of 
an alkaline phosphate, containing chloride of ammonium, with magnesia, 
evaporating, heating until the chloride of ammonium is expelled, and 
finally treating with water. It is practically insoluble in water and in 
solutions of salts of the alkalies (Fr. Schulze j*). 

d. Basic phosphate of sesquioxide of iron. — If, ^ solution of phos- 
p lone acid or of phosphate of lime in acetic acid is carefully precipitated 
with a solution of acetate of sesquioxide of iron, or with a mixture 
ot iron-alum and acetate of soda, so that the ir©n . salt may just pre- 
dominate, the precipitate always contains 1 eq, P (1 to 1 eq. Fe 2 0 . 
(Rawsky, Wittstein, E. DavyJ) ; if, on the other band, the acetate 
ot iron is m larger excess, the precipitate contains more base. Witt- 
stein obtained by using considerable excess of acetate of iron, a 
precipitate of the formula 4 Fe, 0 „ 3 P 0 ,. Precipitates, obtained with a 
small excess of the precipitant, possess a composition varying between 
the above-mentioned limits. RAMMEMBEEfftfotaineS Fe „0 ,PO ( + 400.), 
and Wittstein subsequently, the same comped (with 8 a<i. instead 
of 4), upon mixing sulphate of sesquioxide' of iron with phosphate of 

soda m excess ; with an insufficient quantity of the phosphate of soda, 
the latter chemist obtamed a more yellowish precipitate, which had the 
formula 3 (Fe,0„P0, + ,8 aq.) + (Fe 2 0„ 3 H0). If an acid fluid containing 
a consKieroWe excess of phosphorus acid ia mixed with a small quantity 
of solution^ tesqmoxide of iron, 8# an alkaline acetate added, 
a precipitate of the formula, Fe,O w PO, + water, is invariably obtained, 
which, accordingly, leaves upon ignition Fe,0,,PO, (Wittstein). 
Fresh experiments that I have made upon this subject have convinced 

* Fogg. Ann. 53, 124. t Journ. f. prakt 


. Chem. 63. 440* 
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me of the perfect correctness of this statement. Mohr obtained 
the same results.* The precipitate is insoluble in a fluid containing 
salts, but when washing, as soon as the soluble salts are nearly re- 
moved, the precipitate begins to dissolve. The filtrate has an acid re- 
action, and contains sesquioxide of iron and phosphoric acid. The 
precipitate, under these circumstances, alters in composition, and this 
explains why different results were obtained in the analysis of pre- 
cipitates which had been washing for different lengths of time 
(Fit. Mohr). 

composition. 

P 0 5 71 47*02 

F©A 80 52-98 


1 5 I 100-00 

If we dissolve phosphate of sesquioxide of iron in hydrochloric 
acid, supersaturate the solution with ammonia, and apply heat, we 
obtain more basic salts, viz., 3Fe 2 0 3 » 2 P0 f( (RAMMELSBERG) / ; 2Fe 2 0 3 >P0 5 
(Wittstein — after long washing). In Wittstein’s experiment, the 
wash-water contained phosphoric acid. The white phosphate of ses- 
quioxide of iron does not dissolve in acetic acid, but it dissolves in a 
solution of acetate of sesquioxide of iron. Upon boiling the latter solution 
(of phosphate of sesquioxide of iron in acetate of sesquioxide of iron), the 
whole of the phosphoric acid precipitates, with the basic acetate of sesqui- 
oxide of iron, as hyperbasic phosphate of sesquioxide of iron. Similar 
extremely basic combinations are invariably obtained (often mixed with 
free hydrated sesquioxide of iron), upon precipitating with ammonia or 
carbonate of baryta a solution containing phosphoric acid and an excess 
of sesquioxide of iron. The precipitate obtained by carbonate of baryta 
can be conveniently filtered off and washed, the filtrate is perfectly 
free from either iron or phosphoric acid; on the contrary, the preci- 
pitate obtained by ammonia, especially if the latter were much in 
excess, is slimy, and therefore difficult to wash, and the filtrate always 
contains small traces of both iron and phosphoric acid. 

e. Phosphate of sesquioxide of uranium , — If the hot aqueous solution of 
a phosphate soluble in water or acetic acid is mixed, in presence of free 
acetic acid, with acetate of sesquioxide of uranium, a precipitate of phos- 
phate of sesquioxide of uranium is immediately formed. If the fluid 
contains much ammoniabal salt, the precipitate contains also ammonia. 
The same pr ecipitatOf , f oamiB %lso if alumina or sesquioxide of iron is pre- 
sent ; but in that case dt is always mixed with more or less phosphate of 
sesquioxide of iron or phosphate of alumina. Presence of potassa- or 
soda-salts on the contrary, or of salts of the alkaline earths, has no 
influence on the composition bf the precipitate. Phosphate of sesqui- 
0J dde of uranium and ammonia (2Ur s 0 3 ,NH 4 0,l > 6 > 5 + a; Tl0) is a some- 
what gelatinous, whitish-yehuw ‘precipitate, with a tinge of green. The 
best way of washing it, at leasi so f&r as the principal par| of the opera- 
|' lon > is concerned, is by boilifigi-with water and decanting. If, after 
having allowed the fluid in which the precipitate is suspended to cool a 
httle, a few drops of chloroform are added, and the mixture is shaken 
011 boiled up, the precipitate subsides much more readily than without 

* Zeitschr. f. anal. Chem. 2, 250. 
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this addition. The precipitate is insoluble in water, slightly soluble in 
acetic acid, readily soluble in mineral acids ; acetate of ammonia, added 
in sufficient excess, completely reprecipitates it from this solution, upon 
application of heat. Upon igniting the precipitate, no matter whether 
containing ammonia or not, phosphate of sesquioxide of uranium of the 
formula 2Ur 2 0 J ,P0 5 is produced. This has the color of the yolk of an 
egg. If the precipitate is ignited in presence of charcoal or of some 
reducing gas, partial reduction to phosphate of protoxide of uranium 
ensues, owing to which the ignited mass acquires a greenish tint ; how- 
ever, upon warming the residue with some nitric acid, it is readily 
reconverted into the yellow salt. Phosphate of sesquioxide of uranium 
is not hygroscopic, and may therefore be ignited and weighed in an open 
platinum dish (A. Arendt and W. Knof*). 

COMPOSITION. 

2lTr.P 5 .... 285*6 80*09 

PO/ .... 71*0 19*91 

356*6 IOO'OOf 

/. Phosphate of binoxide of tin is never obtained in the pure state in 
the analytical process, but contains always an admixture of hydrated 
metastannic acid, which, upon ignition, changes to metastannic acid. 
It has, generally speaking, the same properties as hydrated metastannic 
acid, and is more particularly, like the latter, very sparingly soluble in 
nitric acid. Upon heating with concentrated solution of potassa, phos- 
phate and metastannate of potassa are formed. 

g. Tribasic phosphate of silver is a yellow powder, insoluble in water, 
readily soluble in nitric acid and ammonia. In ammoniacal salts, it is 
difficultly soluble. It is unalterable in the air. Upon ignition, it 
acquires transiently a reddish-brown color ; at an intense red heat, it 
fuses without decomposition. 

COMPOSITION. 

3AgO .... 347*79 83*05 

PO a .... 71*00 16*95 

418*79 100*00 

k. Phosphate of mboxide of mercury. — This compound is obtained in 
the separation of phosphoric acid from many bases, after H. Rose’s 
method. It presents a white crystalline mass, or a white powder. It 
is insoluble in water, but dissolves in nitric acid. The action of a red 
heat converts it into fused phosphate of oxide of mercury, with evolu- 
tion of vapor of mercury. Uppn fusion with alkaline carbonates, alkaline 
phosphates are produced, while mercury, oxygen, and carbonic acid 
escape! 

i. Phospho-molybdate of ammonia.— l This compound also serves to 

* Chemisches Centralblatt, 1856, 769, 803 ; and 1857, 177. 

t The equivalent of uranium is here taken as 59*4, according to Ebelmen. If 
X s SIP ifc ^^ding to PfaTGOT, as 60, the ignited phosphate would contain 80*22 
Ur a <X» and 19*78 phosphoric acid. W. Knop and Arendt found in four expen* 
mente 20*13, 20*06, 20*04, and 20*04 respectively (in another 20*77). It will be 
seen that these numbers agree better with the composition as reckoned from 
Ebelmen’s than from PEligot’s equivalent. 



ACIDS OF GROUP I. 


163 


§ 93 .] 

effect the separation of phosphoric acid from other bodies ; it is of the 
utmost importance in this respect. It forms a bright yellow, readily 
subsiding precipitate. Dried at ioo°, it has, according to Seligsohn, 
the following (average) composition : — 

Molybdic acid . . . .90744 

Phosphoric acid . . . . 3*142 

Oxide of ammonium . . . 3*570 

Water 2*544 

100 * 000 * 

In the pure state, it dissolves but sparingly in cold water (1 in 10000 
— Eggertz) ; but it is soluble in hot water. It is readily soluble even 
in the cold, in caustic alkalies, alkaline carbonates and phosphates, 
chloride of ammonium, and oxalate of ammonia. It dissolves sparingly 
in sulphate of ammonia, nitrate of potassa, and chloride of potassium ; 
and very sparingly in nitrate of ammonia. 

It is soluble in sulphate of potassa and sulphate of soda, chloride of 
sodium and chloride of magnesium, and sulphuric, hydrochloric and nitric 
acids (concentrated and dilute). Water, containing 1 percent, of common 
nitric acid dissolves (Eggertz). Application of heat does not 

check the solvent action of these substances. Presence of molybdate 
of ammonia totally changes its deportment with acid fluids. Dilute 
nitric or sulphuric acid containing molybdate of ammonia does not 
dissolve it ; but much hydrochloric acid, even in the presence of 
molybdate of ammonia, has a solvent action, and this acid consequently 
interferes with the complete precipitation of phosphoric acid by nitric 
acid solution of molybdate of ammonia. The solution of the phospho- 
molybdate of ammonia in acids is probably attended, in all cases, with 
decomposition and separation of the molybdic acid, which cannot take 
place in the presence of molybdate of ammonia (J. CrawI*). Tartaric 
acid and similar organic substances entirely prevent the precipitation of 
the phospho-molybdate of ammonia (Eggertz). In the presence of an 
iodide instead of a yellow precipitate, a green precipitate, or a green 
fluid is formed, resulting from the reducing action of the hydriodic acid 
on the molybdic acid (J. W. Bill;}:). Other substances which reduce 
Molybdic acid have of course a similar action. 

5. Boracic Acid. 

Borofluoride of Potassium is the best form to convert boracic 
a cid into for the purpose of the direct estimation of the acid. This com- 
pound is produced by mixing the solution of an alkaline borate, in pre 
sence of a sufficient quantity of potassa, with hydrofluoric acid in excess, 
111 a silver or platinum dish, and evaporating to dryness. The gelatinous 
Precipitate which forms in the cold, dissolves upon application of heat, 
aud separates from the solution subsequently, upon evaporation, in 

* From the varying results of different analysts it is plain that the precipitate, 
prepared under apparently the same circumstances, has not always exactly the 
f am< r composition. Sonnenschein (Journ. f. prakt. Chem. 53, 342) found in the 
Precipitate dried at 120°, 2-93 — 3*12 $ PO.j Lipowitz (Pogg. AnnaL 109, 135), in 
J 5 ® precipitate dried at from 20 to 30°, 3-607 £ P 0 6 ; Eggertz (Joum. f. prakt. 

79, 496 ) } 37 t0 3 . 8 0 . 

t Chem. Gaz. 1852, 216. t Sillim. Journ., July, 1858. 
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small, bard, transparent crystals. The compound has the formula 
KF,BF S . It is soluble in water and also in dilute spirit of wine ; but 
strong alcohol fails to dissolve it ; it is insoluble also in concentrated 
solution of acetate of potassa. It may be dried at ioo°, without 
decomposition (Aug. Stromeyer*). 

composition. 

K • . . . 39-13 31-02 

B .... ii-oo 8-72 

F 4 . . . . 76*00 60*26 

126*13 100*00 

6. Oxalic Acid. 

When oxalic acid is to be directly determined it is usually precipi- 
tated in the form of oxalate of lime ; and its height is inferred from 
the carbonate of lime or lime produced from the oxalate by ignition. 
For the properties of these bodies see § 73. ‘ 

7. Hydrofluoric Acid, 

The direct estimation of hydrofluoric acid is usually effected by weigh- 
ing the acid in the form of fluoride of calcium. 

Fluoride of calcium forms a gelatinous precipitate, which it is found 
difficult to wash. If digested with ammonia, previous to filtration, it 
is rendered denser and less gelatinous. . It is not altogether insoluble 
in water ; aqueous solutions of the alkalies fail to decompose it. It 
is very slightly soluble in dilute, but more readily in concentrated hydro- 
chloric acid. When acted upon by sulphuric acid, it is decomposed, 
and sulphate of lime and hydrofluoric acid are formed. Fluoride of 
calcium is unalterable in the air, and at a red heat. Exposed to a very 
intense heat, it fuses. Upon intense ignition in moist air, it is slowly 
and partially decomposed into lime and hydrofluoric acid. Mixed 
with chloride of ammonium, and exposed to a red heat, fluoride of 
calcium suffers a continual loss of weight : hut the decomposition is 
incomplete. • 

* ' 

COMPOSITION. 

Ca .... 20 • *51-28 

* .... 19 48*72 

39 ioo-oo 

•• . • ' ■ . . . 

# We often, determine fluorine, mpre particularly in presence of silicic 
acid, by converting it into fluoride of fyicon (Si F ). This is a colorless 
gas, fuming in the air, with suffocating odor, of sp. gr. 3-574, which 
decomposes when mixed with water forming silicic acid and hydro- 
fluosilicitfacid thus : 3SiF 2 + 2HO « 2(SiF s ,HF) + SiO a . 

® Anna! d. Chem, u. Pharm. ioo, 82. 
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8. Carbonic Acid. 

The direct estimation of carbonic acid — which, however, is only 
rarely resorted to — is usually effected by weighing the acid in the form 
of carbonate op lime. For the properties of the latter substance, 
see § 73. 

9. Silicic Acid. 

When silicic acid is separated by acids from aqueous solutions of 
alkaline silicates, it is at first perfectly soluble in water. It becomes 
insoluble or rather difficultly soluble when it coagulates. Coagulation 
is a permanent change and is furthered by concentration and by eleva- 
tion of temperature. Silicic acid solution of 10 or 12 per cent, coagu- 
lates at the ordinary temperature in a few hours, and immediately 
if heated. A solution of 5 per cent, may be preserved without coagu- 
lating for five or six days, one of 2 per cent, for two or three months, 
and one of 1 per cent, for several years, and solutions containing 
^ per cent, or less are not appreciably altered by time. Solid 
matter in powder such as graphite, hastens coagulation, alkaline salts 
induce it rapidly. Aqueous solutions of silicic acid may on the con- 
trary be mixed with hydrochloric acid, nitric acid, acetic acid, tartaric 
acid and alcohol without coagulating. The gelatinous silicic acid pro- 
duced by coagulation may contain more or less water, and it appears to 
be the more difficultly soluble in water, the less water it contains ; thus 
a jelly of 1 per cent, of silicic acid gives a solution with cold water 
containing 1 part of silicic acid in about 5000 parts, a jelly of 5 per 
cent, gives a solution containing 1 part of silicic acid in about 10000 
parts of water. A jelly containing less water is still less soluble, and 
when the jelly is dried up to a gummy mass it is barely soluble at all ; 
this is also the case with the pulverulent hydrate of silicic acid obtained 
in the analysis of silicates by drying a jelly containing much salts at 
ioo° (Graham*). The hydrate dried at ioo° dissolves but very 
slightly in acids (with the exception of hydrofluoric acid), it dissolves, 
however, in solutions of pure and carbonated fixed alkalies, especially 
on heating. Aqueous ammonia dissolves the jelly in tolerable quantity 
and the dry hydrate in very ^notable quantity (PribramI*). Regarding 
the amount of water in the hydrate dried at given temperatures 
chemists do not agreed, 

On ignition au th^iiydrates into the anhydrous acid. As the 
vapor escapes small parties of th*extremely fine powder are liable to 
whirl up. This may be avoided by moistening the hydrate in the 
crucible with water, evaporating to dryness on a water bath, and then 
applying at firsira slight and then a gradually increased heat. 

The silicic acid obtained by igniting the hydrate appears in the 
amorphous condition, with a sp* gr. of 2*2 to 2*3. It forms a white 
powder insoluble in water, ab&acids (hydrofluoric excepted), soluble in 

* Pogg. Annal. 123, 529. ^ .4 jfceitschr. f. anaL Chem. 6, 119. 

+ Doveri (Anna! de Chim, at de PhyB.ai,40; Annal. d. Chem. u. Pharm. 64, 
7°) found in the air-dried hydrate t6*o to 17*8 # water ; J. Fuchs (Annal. d. Chem. 
m v larm * 82, 1 10 to 123), 9*i to 9*6: G. Lippert, 9*28 to 9 95. Doveri found in 
rte hydrate dried at 100 , 8*3 to 9*4 ; J. Fuchs, 6 63 to 6*96; G. Lippert, 4*97 to 
r 52. H. Rose (Fogg. Annal, 108, 1 ; Journ. fur prakt. Chem. 8i, 227) found in the 
ydrate obtained by digesting atilbite with concentrated hydrocblorio acid, and 
l ed at 150°, 4*85 l water. 
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solutions of the fixed alkalies, and their carbonates, especially in the 
heat. Hydrofluoric acid readily dissolves amorphous silicic acid ; the 
solution leaves no residue on evaporation in platinum, if the silica was 
pure. The amorphous silica, when heated with fluoride of ammonium 
in a platinum crucible, readily volatilizes. The ignited . amorphous 
silica, exposed to the air, eagerly absorbs water, which it will not give 
up at from ioo to 1 50° (H. Bose). The lower the heat during ignition 
the more hygroscopic is the residue (Souchay*). Silica fuses at the 
strongest heat ; the mass obtained being vitreous and amorphous. 
Amorphous silica ignited with chloride of ammonium, at first loses 
weight, and then, when the ignition has rendered it denser, the weight 
remains constant. 

The amorphous silica must be distinguished from the crystallized or 
crystalline variety, which occurs as rock crystal, quartz, sand, &c. This 
has a sp. gr. of 2 *6 (Schaffgotsch), and is far more difficultly, and in 
far less amount, dissolved by potash solution or solution of fixed alkaline 
carbonates ; it is also more slowly attacked by hydrofluoric acid, or 
fluoride of ammonium. Crystallized silica is not hygroscopic, whether 
strongly or gently ignited (Souchay). Vegetable colors are not changed 
either by silicic acid or its hydrates. 

COMPOSITION. 

Si .... i4'°o 4 6 ' 6 7 

O a .... 1600 53*33 


30*00 100*00 

ACIDS OF TIIE SECOND GROUP. 

§ 94- 

1. Hydrochloric Acid. 

Hydrochloric acid is almost invariably weighed in the form of chlo- 
ride of silver — for the properties of which see § 82. 

2. Hydrobromic Acid. 

Hydrobromic acid is always weighed in the form of bromide op 
silver. * 

Bromide of silver , prepared in the wet way, forms a yellowish-white 
precipitate. It is wholly insoluble in water and in nitric acid, tolerably 
soluble in ammonia, readily soluble in hyposulphite of soda and cyanide 
of potassium Concentrated solutions of the chlorides and bromides of 
potassiunJKodium, and ammonium dissolve it to a very perceptible 
amount, while in very dilute solutions of these salts it is entirely 
insoluble. Traces only dissolve in nitrates of the alkalies. It dissolves 
abundantly in a concentrated warm solution of nitrate of mercury. Cn 
digestion with excess of iodide of potassium solution it is completely 
converted into iodide of silver (Field). On ignition in a current 0 
chlorine the bromide of silver is transformed into the chloride ; on igj 11 ' 
tion in a current of hydrogen it is converted into metallic silver, ks* 

*. Zeitschr. f. anal. Chem. 8, 423. 
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posed to the light it gradually turns gray, and finally black. Under 
the influence of heat, it fuses to a reddish liquid, which, upon cooling, 
solidifies to a yellow, horn-like mass. Brought into contact with zinc 
and water, it is decomposed : a spongy mass of metallic silver forms, and 
the solution contains bromide of zinc. 

COMPOSITION. 

Ag i° 7'93 57*45 

79*95 42*55 


187*88 100*00 

3. Hydriodic Acid. 

Hydriodic acid is usually determined in the form of iodide of 
silver, and occasionally also in that of protiodide of palladium. 

a. Iodide of silver , produced in the wet way, forms a light-yellow 
precipitate, insoluble in water, and in dilute nitric acid, and very slightly 
soluble in ammonia. One part dissolves, according to Wallace and 
Lamont* in 2493 parts of aqueous ammonia sp. gr. *89, according to 
Martini, in 2510 parts of *96 sp. gr. It is copiously taken up by con- 
centrated solution of iodide of potassium, but it is insoluble in very 
dilute ; it dissolves readily in hyposulphite of soda and in cyanide of 
potassium ; traces only are dissolved by alkaline nitrates. In concen- 
trated warm solution of nitrate of mercury it is copiously soluble. Ilot 
concentrated nitric and sulphuric acids convert it, but with some difli- 
culty, into nitrate and sulphate of silver respectively, with expulsion of 
the iodine. Iodide of silver acquires a black color when exposed to the 
light. When heated, it fuses without decomposition to a reddish fluid, 
which, upon cooling, solidifies to a yellow mass, that may be cut with 
a knife. Under the influence of excess of chlorine in the heat it is 
completely converted into chloride of silver; ignition in hydrogen 
reduces it but incompletely to the metallic state. When brought into 
contact with zinc and water, it is decomposed but incompletely : iodide 
of zinc is formed, and metallic silver separates. 

composition. 

. . • • 107*93 45*97 

. > . 126*85 54*03 


234*78 100*00 

b. Protiodide ofpaltadfyik, produced by mixing an alkaline iodide with 
protochloride of palladiumj<is a deep brownish black, flocculent preci- 
pitate, insoluble in water, and ip. diluted hydrochloric acid, but slightly 
soluble in saline solutions (chloride of sodium, chloride of magnesium, 
chloride of calcium, &c.). It is unalterable in the air. Dried simply 
V 1 the air it retains one equivalent of water = 5*05 percent. Dried long 
ln vacuo, or at a rather high temperature (70° to 8o°), it yields the whole 
cf this water, without the least loss of iodine. Dried at ioo°, it loses a 
trace of iodine ; at from 300° to 400°, the whole of the iodine is expelled 
t may be washed with hot water, without loss of iodine. 

# Chem. Gaz 7.8*0 
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COMPOSITION. 

Pd 53' 2 9 2 9 ' 5 S 

I i26’8s 7 °' 4 2 

180*14 ioo’oo 

. * 

4. Hydrocyanic Acid. 

Hydrocyanic acid, if determined gravimetrically and directly, is 
always converted into cyanide of siLVKB-for the properties of which 
compound see § 82. 

5. Hydrosulphuric Acid. 

The forms into which sulphuretted hydrogen, or the sulphur in 
metallic sulphides, is converted for the purpose of being weighed, are 
TERSULPIIIDE OF ARSENIC, SULPHIDE OF SILVER, SULPHIDE OF COPPER, and 
SULPHATE OF BARYTA. 

Yoy the properties of the sulphides named, see §§ 82, 85, 92 ; for 
those of sulphate of baryta, see §71. 

ACIDS OF THE THIRD GROUP. 

§ 95 - 

1. Nitric Acid; and 2. Chloric Acid. 

These two acids are never estimated in a direct way — that is to say, 
in compounds containing them, but always in an indirect way; generally 
volumetrically, 
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THE DETERMINATION (OR ESTIMATION) OF BODIES. 

§ 96 . 

In the preceding Section we have examined the composition and pro- 
perties of the various forms and combinations in which bodies are 
separated from others, or in which they are weighed. We have now 
to consider the special means and methods of converting the several 
bodies into such forms and combinations. 

For the sake of greater clearness and simplicity, we shall, in the 
present Section, confine our attention to the various methods applied 
to effect the estimation of single bodies , deferring to the next Section the 
consideration of the means adopted for the estimation of mixed bodies, 
or the separation of bodies from one another. 

Wo have to deal here exclusively with bodies in the free state, or 
with compounds consisting of one base and one acid, or of one metal 
and one metalloid. 

As in the “ Qualitative Analysis,” the acids of arsenic will be treated 
of among the ba$es, on account of their behaviour to sulphuretted hydro- 
gen, and those elements which form acids with hydrogen will be con- 
sidered in conjunction with their respective hydrogen acids. 

In the quantitative analysis of a body we have to study first, the 
most appropriate method of dissolving it ; and secondly, the modes of 
determining it. 

With regard to the latter point, we have to turn our attention, first, 
to the performance:; and secondly, to the accuracy of the methods. 

It happens very rarely in quantitative analyses that the amount of 
a substance, as determined by the analytical process, corresponds exactly 
with the amount theoretically calculated or actually present; and if it 
does happen, it is merely by chance. 

It is of importance to inquire what is the reason of this fact, and 
what are the limits of inaccuracy in- the several methods. 

The cause of this almost invariably occurring discrepancy between 
the quantity present and that actually found, is to be ascribed either 
exclusively to the execution, or it lies partly in the method itself. 

The execution of the analytical processes and operations can never 
be absolutely accurate, even though the greatest care and attention be 
bestowed on the most trifiing minutifle. To account for this, we need 
only bear in mind that our weights and measures are never absolutely 
correct, nor our balances absolutely accurate, nor our reagents absolutely 
pure ; and, moreover, that we do not weigh in vacuo ; and that, even if 
We deduce the weight in vacuo from the weight we actually obtain by 
weighing in the air, the very volumes on which the calculation is based 

but approximately known ; — that the hygroscopic state of the air is 
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liable to vary between the weighing of the empty crucible and of the 
crucible + the substance ; — that we know the weight of a filter ash only 
approximately ; — that we can never succeed in completely keeping off 
dust, &c. 

With regard to the methods, many of them are not entirely free 
from certain unavoidable sources of error ; — precipitates .are not abso- 
lutely insoluble ; compounds which require ignition are not absolutely 
fixed ; others, which require drying, have a slight tendency to volatilize ; 
the final reaction in volumetric analyses is usually produced only by a 
small excess of the standard fluid, which is occasionally liable to vary 
with the degree of dilution, the temperature, &c. 

Strictly speaking, no method can be pronounced quite free from 
defect ; it should be borne in mind, for example, that even sulphate of 
baryta is not absolutely insoluble in water. Whenever we describe any 
method as free from sources of error, we mean, that no causes of con- 
siderable inaccuracy are inherent in it. 

We have, therefore, in our analytical processes, invariably to con- 
tend against certain sources of inaccuracy which it is impossible to 
overcome entirely, even though our operations be conducted with the 
most scrupulous care and with the utmost attention to established rules. 
It will be readily understood that several defects and sources of error 
may, in some cases, combine to vitiate the results ; whereas, in other 
cases, they may compensate one another, and thus enable us to attain 
a higher degree of accuracy. The comparative accuracy of the results 
attainable by an analytical method oscillates between two points — these 
points are called the limits of error. In the case of methods free from 
sources of error, these limits will closely approach each other ; thus, for 
instance, in the estimation of chlorine, with great care, one will always 
be able to obtain between 99*9 and ioo*i for the 100 parts of chlorine 
actually present. 

Less perfect methods will, of course, exhibit far greater dis- 
crepancies ; thus, in the estimation of boracic acid as borofluoride of 
potassium, the most attentive and skilful operator may not bo able to 
obtain more than 99-0 (and even less) for the 100 parts of boracic acid 
actually present. I may here incidentally state that the numbers 
occasionally given in this manner, in the course of the present work, to 
denote the degree of accuracy of certain methods, refer invariably to the 
substance estimated (chlorine, nitrogen, baryta, for instance), and not 
to the combination in which that substance may be weighea (chloride 
of silver, bichloride of platinum and chloride of ammonium, sulphate of 
baryta, for instance) ; otherwise the accuracy of various methods 
would not be comparable. 

The occasional attainment of results exactly corresponding with the 
numbers calculated does not always justify the assumption, on the part 
of the student, that his operations, to have led to such a result, must 
have been conducted with the utmost precision and accuracy. It may 
sometimes happen, in the course of the analytical process, that one 
error serves to compensate another ; thus, for instance, the analyst 
may, at the commencement of his operations, spill a minute portion of 
the substance to be analysed ; whilst, at a later stage of the process, 
he may recover the loss by an imperfect washing of the precipitate. 

As not the least effective means of guarding against error and 
inaccuracies in gravimetric analyses, I would most strongly recommend 
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the analyst, after weighing a ’precipitate , dc., to compare its properties 
(color, solubility , reaction, <kc) with those which it should possess, and which 

have been amply described in the preceding Section. 

In my own laboratory, I insist upon all substances that are weighed 
in the course of an analysis being kept between watch-glasses until 
the whole affair is concluded. This affords always a chance of testing 
them once more for some impurity, the presence of which may become 
suspected in the after-course of the process.' 


I. ESTIMATION OF BASES IN COMPOUNDS CONTAINING ONLY 
ONE BASE AND ONE ACID OR ONE METAL AND 
ONE METALLOID. 

FIRST GROUP. 

POTASSA — SODA — AMMONIA — (lITHIA). 

§ 97- 

I. Potassa. 

a. Solution. 

Potassa and its salts with those inorganic acids which we have to 
consider here are dissolved in water, in which menstruum they dissolve 
readily, or at all events, pretty readily. 

Potassa salts with organic acids it is frequently most convenient to 
convert into carbonate of potassa by long-continued gentle ignition in 
covered crucibles. If they are heated to fusion, the separated carbon 
acts on the carbonate of potassa ; carbonic oxide escapes, and a portion 
of caustic potassa is produced. A slight loss of potassa is occasioned by 
simple carbonization \ a further loss takes place on fusion, which is con- 
sequently to be avoided. 

b. Estimation. 

Potassa is weighed either as sulphate or nitrate of potassa, or as chloride 
of potassiumoor bichloride of platinum and chloride of potassium, or pre- 
cipitated and^Stetimated volumetrically as silicojluoride of potassium. .For 
the alkalimetry estimation of caustic or carbonated potassa, see §§219 
and 220. Tlii estimation of potash as the bitartrate, which gives 
approximatetesults only, will be found in the Special Part. 

We may eon vert into 

1. Sulphate of potassa : Salts of potassa with strong volatile acids ; 
€.9., chloride o| potassium, bromide of potassium, nitrate of potassa, Ac. ; 
also salts of organic acids. 

^ ITRATE ? F p °tassa : Caustic potassa, and compounds of potassa 
Wl th weak volatile acids that are not decomposed by nitric acid ; e.g., 
carbonate of potassa (salts of potassa with organic acids). 

3. Chloride of potassium : In general, caustic potassa and salts 

potassa with weak volatile acids, especially also with such as are 
ecomposed by nitric acid; e.g., sulphide of potassium. Also, and Tnore 
particularly, sulphate, chromate, chlorate, and silicate of potassa. 

4* Bichloride of platinum and chloride of potassium : Salts of 
potassa with acids soluble in alcohol, especially with non-volatile acids ; 
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e.g., phosphate of potassa, borate of potassa ; also in the separation of 
potassa from soda. 

5. Silicofluoride of potassium : Salts of potassa with acids soluble 
in weak alcohol, except the borate. 

1 . Determination as Sulphate of Potassa, 

Evaporate the aqueous solution of the sulphate of potassa to dryness, 
ignite the residue in a platinum crucible or dish, and weigh (§ 42 ). 
The residue must be thoroughly dried before you proceed to ignite it ; 
the heat applied for the latter purpose must be moderate at first, and 
very gradually increased to the requisite degree ; the crucible or dish 
must be kept well covered — neglect of these precautionary rules 
involves always a loss of substance from decrepitation. If free sul- 
phuric acid is present, we obtain, upon evaporation, bisulphate of 
potassa ; in such cases the excess of sulphuric acid is to be removed 
by igniting first alone (here it is best to place the lamp so that the 
flame may strike the cover obliquely from above), then with carbonate 
of ammonia. See § 68 . 

For properties of the residue, see § 68 . Observe more particularly 
that the residue must dissolve to a clear fluid, and that the solution 
must be neutral. Should traces of platinum remain behind (the dish 
not having been previously weighed) these must be determined, and 
their weight subtracted from that of the ignited residue. 

With proper care and attention, this method gives accurate re- 
sults. 

To convert the above-mentioned salts (chloride of potassium, &c.) 
into sulphate of potassa, add to their aqueous solution a quantity of 
pure sulphuric acid more than sufficient to saturate the whole of the 
potassa, evaporate the solution to dryness, ignite the. residue, and con- 
vert the bisulphate of potassa into the neutral salt, by treating with 
carbonate of ammonia (§ 68 ). 

As the expulsion of a large quantity of sulphuric acid is a very 
disagreeable process, avoid adding too great an excess. Should too 
little of the acid have been used, which you may infer from the non- 
evolution of sulphuric acid fumes on ignition, moisten the ‘ residue with 
dilute sulphuric acid, evaporate, and again ignite. If you have to 
deal with a small quantity only of chloride of potassium, <kc., proceed 
at once to treat the dry salt, cautiously, with dilute sulphuric acid in the 
platinum crucible, provided the latter be capacious enough. In the 
case of bromide and iodide of potassium, theuSeof platinum vessels 
must be avoided. * : : 

Potassa salts of organic acids are carbonized in a platinum crucible 
at the lowest possible temperature ; after cooling, a few crystals of pure 
sulphate of ammonia are added, then a little Water; the water and the 
carbonate o^Mmnonia formed are evaporated by heating the lid, and 
afterwards n^Hcess of sulphate of ammonia is driven off by gently 
heating the bottom of the crucible. If the carbon is not all burnt, 
add small quantities of nitrate of ammonia till this result is effected. 
Weigh the sulphate of potassa remaining (H. Kammerer*). It is 
usually advisable to ignite finally in an atmosphere of carbonate of 
ammonia. Results accurate. 


Zeitschr. f. anal. Chcm. 7, 221, 



POTASSA. 


173 


§ 97 .] 


2. Determination as Nitrate of Potassa. 

General method the same as in i. Nitrate of potassa must be 
heated very gently to the fusing point, otherwise some loss is likely to 
arise from evolution of oxygen. For properties of the residue, see 
§ 68. The method is easy, and the results accurate. In the conversion 
of carbonate of potassa into the nitrate, § 38 must be consulted. 

3. Determination as Chloride of Potassium. 

General method the same as in 1. The residue of chloride of 
potassium must, previously to ignition, be treated in the same way as 
sulphate of potassa, and for the same reason. The salt must be heated 
in a well-covered crucible or dish, and only to dull redness, as the 
application of a higher degree of heat is likely to cause some loss by 
volatilization. No particular regard need be had to the presence of 
free acid. For properties of the residue, see § 68. This method, if 
properly and carefully executed, gives very accurate results. The 
chloride of potassium may, instead of being weighed, be determined 
volumetrically by § 1 41, h. This method, however, has no advantage 
in the case of single estimations, but saves time when a series of esti- 
mations has to be made. 

In determining potassa in the carbonate it is sometimes desirable 
to avoid the effervescence occasioned by treatment with hydrochloric 
acid, as, for instance, in the case of the ignited residue of a potassa salt 
with an organic acid, which is contained in the crucible. This may be 
effected by treating the carbonate with solution of chloride of ammo- 
nium in excess, evaporating and igniting, when carbonate of ammonia 
and the excess of chloride of ammonium will escape, leaving chloride of 
potassium behind. 

The methods of converting into chloride of potassium the potassa 
compounds specified above, will be found in Part II. of this Section, 
under the heads of the acids which they contain. 

4. Determination as Bichloride of Platinum andCliloride of Potassium. 

a. Salts of potasga with volatile acids (nitric acid, acetic acid, &c.). 

Mix the lte dution with hydrochloric acid, evaporate to dryness, dis- 
solve the regrasin a little water, and add a concentrated solution of 
bichloride as neutral as possible, in excess. If the strength 

of the plati nfBffi raution is known, it will be easy to add about the right 
quantity E yaporate in a porcelain dish, on the water-bath, 

nearly to tafeng care not to heat the water-bath quite to 

boiling. 0$ wine of about 80 per cent, over the residue, 

mix with car ffjBjjfe t it stand for some time, and then transfer the 
bichloride of pfirapum and chloride of potassium, which remains un- 
dissolved, to a weighed filter (which may be readily done by means of 
a washing bottle filled with spirit of wine). Wash with spirit of wine, 
dry at 130°, and weigh. An asbestos filtering tube (fig. 68, p. 79) is 
generally to be recommended. After the fluid has been removed as 
much as possible from the tube by. suction, it is dried by being inserted 
m a sotixewhat wider tube, about 4 cm. shorter, .which is fixed in the 
air-bath (fig. 38, p. 48). Air is then slowly drawn through the tube, 
^hile the air-bath is heated, finally at 130° for a considerable tin e. 
Ihe current of air should be dried by concentrated sulphuric acid, and 
should enter the tube at the" wide end. When the drying is finished, 
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and the tube is weighed, it is easy to convert the precipitate into 
platinum by way of control. For this purpose hydrogen is transmitted 
through the tube while it is heated with the lamp. The chloride of 
potassium is then extracted with water, the tube is dried again, and the 
platinum is weighed, i eq. = i eq. potassium. 

If a paper filter is used, dry it first at ioo° and weigh, then de- 
termine the loss of weight at 130° by taking some of the same paper, 
and calculate what the filter would weigh at 130°. 

0 . Potassa salts with non-volatile acids (phosphoric acid, boracic 
acid, &c.). 

Make a concentrated solution of the salt in water, add some hydro- 
chloric acid, and bichloride of platinum in excess, mix with a tolerable 
quantity of the strongest alcohol, let the mixture stand 24 hours; after 
which filter, and proceed as directed in a. 

Properties of the precipitate, § 68. This method, if properly 
executed, gives satisfactory results. Still there is generally a trilling 
loss of substance, bichloride of platinum and chloride of potassium not 
being absolutely insoluble even in strong alcohol. In accurate analyses, 
therefore, the alcoholic washings must be evaporated, with addition of 
water and a little pure chloride of sodium, at a temperature not exceed- 
ing 75 0 , nearly to dryness, and the residue treated once mfcre with 
spirit of wine. A trifling additional amount of bichloride of platinum 
and chloride of potassium is thus obtained, which is either added to the 
principal precipitate or collected on a separate small filter, and de- 
termined as platinum, by the method given below. The object of the 
addition of a little chloride of sodium to the bichloride of platinum is 
to obviate the decomposition to which pure bichloride of platinum is 
more liable, upon evaporation in alcoholic solution, than the bichloride 
containing sodio-bichloride of platinum. The atmosphere of a laboratory 
often contains ammonia, which might give rise to the formation of some 
chloride of platinum and ammonium, and to a consequent increase of 
weight in the potassium salt. 

As collecting a precipitate upon a weighed paper filter is a rather 
tedious process, and, besides, not over accurate, where we have to deal 
with minute quantities of substance, it is better, if we do not prefer a 
filtering tube, to collect small portions (up to about *03 grm.) of bichlo- 
ride of platinum and chloride of potassium upon*avery small unweighed 
filter, dry, and transfer the filter, with the precipitate wrapped up in 
it, to a small porcelain crucible. Cover the crucible, and let the filter 
slowly char; remove the cover, bum the carbon of the filter, and let 
the crucible get cold. Put now a very minute portion of pure oxalic 
acid into the crucible, cover, and ignite, gently at first, finally to a 
strong red heat. The addition of the oxalic acid greatly promotes the 
complete decomposition of the bichloride of platinum and chloride of 
potassium, which can not well be effected by simple ignition. It need 
hardly be me lfe j BF that a Current of hydrogen may be substituted for 
the oxalic acijpPxreat the contents of the crucible now with water, 
and wash the residuary platinum, preferably by decantation, until the 
last rinsings remain clear upon addition of nitrate of silver. Dry the 
residuary platinum, ignite, and weigh. 

5. Estimation as SUicojluoride of Potassium . 

To the moderately concentrated solution of the potash salt in a 
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beaker add a sufficiency of hydrofluosilicic acid ,* and then an equal 
volume of pure strong spirit. If the potash salt was difficultly soluble 
(such as bichloride of platinum and chloride of potassium), warm it with 
the hydrofluosilicic acid before adding the spirit. The silicofluoride of 
potassium will separate as a translucent precipitate ; when it has settled, 
filter, wash out the beaker with a mixture of equal parts strong spirits 
and water, and wash the precipitate with the same mixture till the 
washings are no longer acid to litmus paper. Put the filter and preci- 
pitate into the beaker previously used, treat with water, add some 
tincture of litmus, heat to boiling, and add normal alkali solution 
(§ 215), or, in the case of small quantities, decinormal alkali solution, 
till the fluid is just blue, and remains so after continued boiling. The 
reaction is as follows: — KF,SiF 3 + 2KO = 3KF + Si0 2 , consequently 
2 eq. alkali in the standard solution correspond to 1 eq. potash originally 
present and precipitated as silicofluoride pf potassium (Fa. STOLBAf). 

If the solution of the potash salt contains much free acid, particu- 
larly sulphuric acid, this is to be removed by heat before adding the 
hydrofluosilicic acid. Small quantities of ammonia salts are of no in- 
fluence, large quantities should be removed. It need hardly be men- 
tioned that other metals precipitable by hydrofluosilicic acid must be 
absent. The results are satisfactory. Stolba obtained 99*2 to 100 per 
cent. The bichloride of platinum and chloride of potassium may be 
easily converted into silicofluoride of potassium ; hence, in technical 
analyses, the potash may be separated in the first form, and then titrated 
as the latter (Stolba, loc. cit,). 


§98. 

2. Soda. 

a. Solution , 

See § 97, a, all the directions given in that place applying equally 
to the solution of soda and its salts. 

b. Determination, 

Soda is determined either as sulphate of soda or nitrate of soda , or as 
chloride of sodium or as carbonate of soda (§ 69). For the alkalimetries 
estimation of caustic soda and carbonate of soda, see §§219 and 220. 
We may cofi|MgJnto r 

1. SuLPKAdBfey soda; 2. Nitrate of soda; 3. Chloride ok 
sodium : in gen|Hrahe salts of soda corresponding to the salts of potassa 
specified under ^ WBh alogous potash compounds, § 97. 

4 * Carbona® 8^^^SODA : caustic soda, bicarbonate of soda, and 
salts of soda wit^Q®||mc acids, also nitrate of soda and chloride of 
sodium. 

5 * SiLicofLtJOJOdDH^I sodium : .salts of soda with acids soluble in 

weak spirit, except th©«^te. 

in fiu t ^ e borate of sodlftie alkali is estimated best as sulphate (§ 136) ; 
the phosphate, as olikS^e, nitrate, or carbonate (§ 135). 

Walts of soda witff drgijiuc acids are determined either, like the cor- 

ana l an< * W. Wolf use hydrofluosilicate of aniline instead. — Zeitschr. £. 

+ Zeitschr. f, anal. Chem. 3, 298, 
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responding potassa compounds, as sulphate, chloride, or nitrate ; or — 
by preference — as carbonate. (This latter method is not so well adapted 
for salts of potassa). The analyst must here hear in mind, that when 
carbon acts on fusing carbonate of soda, carbonic oxide escapes, and 
caustic soda in not inconsiderable quantity is formed. 

1. Determination as Sulphate of Soda . 

If alone and in aqueous solution, evaporate to dryness, ignite and 
weigh the residue in a covered platinum crucible (§ 42). The process 
does not involve any risk of loss-by decrepitation, as in the case of 
sulphate of potassa. If* free sulphuric acid happens to be present, this 
is removed in the same way as in the case of sulphate of potassa. 

With regard to the conversion of chloride of sodium, &c., into sul- 
phate of soda, see under Potassa , For properties of the residue, see 
§ 69. The method is easy, and gives accurate results. 

• ‘ * f • 

2. Determination as Nitrate of Soda . 

Same method as in 1. The rules given and the observations made 
under Potassa , apply equally here. For properties of the residue, see 
§69. 

3. Determination as Chloride of Sodium. 

Same method as in 1. The rules given and the observations made 
under Potassa , apply equally here. Chloride of sodium is more difficultly 
volatilized than chloride of potassium. For properties of the residue, 
see § 69. 

The methods of converting the sulphate, chj»mate, chlorate, and 
silicate of soda into chloride of sodium, will be found in Part II. of this 
Section, under the heads of the acids which these Salts contain. 

4. Determination as Carbonate of Soda . ■ . v 

Evaporate the aqueous solution, ignite moderately, and weigh. The 
results are perfectly accurate. For properties of the residue, see § 69. 

Caustic soda is converted into the carbonate by adding to its aqueous 
solution carbonate of ammonia in excess, evaporating at a gentle heat, 
and igniting the residue. . i: - 

Bicarbonate of soda, if in the dry state, is converted into the car- 
bonate by ignition. The heat must be very^terndftial “increased, and 
the crucible kept well covered. If in aqueftU ablation, it is evapo- 
rated to dryness in a capacious silver or pktin^ dish, and the residue 
ignited. . , 

Salts of soda with organic acids are converte&iato the carbonate by 
ignition in a covered platinum crucible. Theheat must be increased 
very gradually. When the mass, has ceased td swell, and the carboniza- 
tion is ended , add water, warm, filter qf&the carbon, wash it, evaporate 
the filtrateaMjifcvashings to dry^e^s with*; addition of carbonate of 
ammonia, a nc|jjgnite the residue. *The carbonate of ammonia is to re- 
convert any i^a that n#,y have formedlatp carbonate. The method, 
if carefully conducted, ^ves accuratoestdts ; ‘ however, a small loss of 
soda on carbonization is notttfbe avoided. The carbon on the filter is to 
be burnt. If /my residue remains soluble in water, dissolve it and add it 
to the principal solution. 

Nitrate of soda, or chloride of sodium, ibay be converted into car- 
bonate, by adding to their aqueous solution perfectly pure oxalic acid 
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in moderate excess, and evaporating several times to dryness, with re- 
peated renewal of the water. All the nitric acid of the nitrate of soda 
escapes in this process (partly decomposed, partly uhdecomposed) ; and 
equally so all the hydrochloric acid in the case of chloride of sodium. 
If the residue is now ignited until the excess of oxalic acid is removed, 
carbonate of soda is left. 

§ 99 * 

3. Ammonia. 

a. Solution. 

Ammonia is soluble in water, as are all its salts with those acids 
which claim our attention here. It is not always necessary, however, 
to dissolve the ammoniacal salts for the purpose of determining the 
amount of ammonia contained in them. 

b. Determination. 

Ammonia is weighed, as stated, § 70, either in the form of chloride 
of ammonium , or in that of bichloride of platinum and chloride of ammo- 
nium. Into these forms itr may be converted either directly or indirectly 
(?'.e., after expulsion as ammonia, and re-combination with an acid). Occa- 
sionally it is determined by separation as platinum salt, and weighing 
the platinum.^ It is also frequently determined by volumetric analysis, 
and its quantity is sometimes inferred, from the volume of nitrogen. 

We convert directly into 

1 . Chloride op ammonium : Ammonia and its aqueous solution, and 
also ammoniacal salts with weak volatile acids (carbonate of ammonia, 
sulphide of ammonium, <fcc.). 

2. Bichloride op platinum and chloride of ammonium : Ammo- 
niacal salts with acjds soluble in alcohol, such as sulphate of ammonia, 
phosphate of ammonia, &c. 

3. The methods, based on the expulsion of the ammonia from its 
compounds, and AlsbHhat of inferring the amount of ammonia from the 
volume of nitr6gen are equally applicable to all ammoniacal salts. 

The expulsion of ammpnia in the dry way (by ignition with soda- 
hme), and the esit&atio^pf that alkali from the volume of nitrogen 
eliminated in the 1 dry being effected in the same manner as the 

estimation of the nitrog&i^in organic compounds, I refer the student to 
he Section on organic analysis. The estimation of ammonia by de- 
composing its compounds 'with a bromized solution of hypochlorite of 
soda will be given under the Analysis of Soils in the Special Part. For 
e alkalimetric estimation of^frpe ammonia, see §§219 and 220. For 
he colorimetric method dependirijcj on the use of Nessler’s solution, 
see the Analysis of Water (^205 

i- Determination as ChlmM^ (^Amrnmium*^ 

Evaporate the aqueous SolUti^of the chloride of ammonium on 
10 wa ter-bath, and diy the residue^ ipo° until the weight remains 
c ?? st . ant (§ 42). The results are accurate. The volatilization of the 
iooc ver y trifling. A direct experiment gave 99'94 instead of 
^ ‘ w ee Expt. 15.) The presence of free hydrochloric acid makes no 
erence ; the conversion of caustic ammonia into chloride of ammo- 
m ma y accordingly be effected by supersaturating with hydrochloric 
Quant, vol. i. n 
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acid.* The same .applies to conversion of the carbonate, with this 
addition only, that the process of supersaturation must be conducted 
in an obliquely-placed flask, and the mixture heated in the same, till 
the carbonic acid is driven off. In the analysis of sulphide of ammo- 
nium we proceed in the same way, taking care simply, after the expul- 
sion of the sulphuretted hydrogen, and before proceeding to evaporate, 
to Alter off the sulphur which may have separated. Instead of weighing 
the chloride of ammonium, its quantity may be inferred by the deter- 
mination of its chlorine according to § 141, b. (Comp, chloride of potas- 
sium, § 97, 3.) 

2. Determination as Bichloride of Platinum omd Chloride of Ammo- 
nium. 

a. Ammoniacal salts with volatile acids. 

Same method as in § 97, 4, «.* 

/3. Ammoniacal salts with non-volatile acids. 

Same method as in § 97, 4, j 3 . The results obtained by these 
methods are accurate. 

If you wish to control the results, ignite the double chloride, and 
calculate the amount of ammonia from that of the residuary platinum. 
The results must agree. If the double salt is in a filtering tube, pass 
a slow current of air through it, and heat very cautiously with the 
lamp. If the double salt is in paper, it is best to wrap it in the filter, 
place it in a crucible, heat it with the lid on for some time moderately, 
and then removing the lid and supporting the crucible obliquely to raise 
the heat gradually and burn the charred filter (H. Rose). If the double 
salt is pure, which may be known from its color and general appearance, 
this control is unnecessary. Want of due caution in heating is apt to lead 
to loss, from particles of the double salt being carried away with the 
chloride of ammonium. Very small quantities of bichloride of platinum 
and chloride of ammonium are collected on an unweighed filter, dried, 
and at once reduced to platinum by ignition.t 

3. Estimation by Expulsion of the Ammonia in the Wet Way. 

This method, which is applicable in all cases, may be effected in 
three different ways. 

a. Expulsion of the ammonia by distillation with potassa, soda, 
milk of lime, OR magnesia. — The latter is used in the presence of nitro- 
genous organic matter, which might yield ammonia on boiling with 
alkalies or lime. 

Weigh the substance in a small tube 3 cm. long and 1 cm. wide, 
and transfer the tube and substance to a small tubulated retort a 
(fig. 78), containing a suitable quantity of moderately strong potash, 
soda, milk of lime, or magnesia mixed with water, which should have 
been previoJttjMtted for some time to , drive out every trace of am- 
monia, and^^^HEnved to cool thoroughly. The further arrangement 
of the appa^P|will be understood from the figure. The distillate 
must not come in contact with any cork or india-rubber, which would 
be liable to retain some of it. 

* Gunning (Zeitschr. f. anal. Chem.) has pointed out that fluids may become 
contaminated during evaporation with ammonia from the presence of the latter i» 
coal gas. 

+ In a series of experiments to get the platinum from pure and perfectly anhy- 
drous ammonio-bichloride of platinum, by cautious ignition, Mr. Lucius, one of utf 
pupils, obtained from 44U to 44-3 per cent, of the metal, instead of 44-3. 
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If you wish to determine volumetriccUly the quantity of ammonia ex- 
pelled, introduce the principal portion of a measured quantity of standard 
hydrochloric, sulphuric or oxalic acid (§ 215), into the receiver; the 
remainder into the U-tube ; add to the latter a little water, and color 



Fig. 78. 

the liquids in the receiver and U-tube red with tincture of litmus. 
The cooling tube must not dip into the fluid in the receiver ; the fluid 
in the U-tube must completely fill the lower part, but it must not 
vise high, as otherwise the passage of air bubbles might easily occasion 
loss by spirting. The quantity of acid used must of course be more 
than sufficient to fix the whole of the ammonia expelled. 

When the apparatus is fully arranged, and you have ascertained 
^hat all the joints are perfectly tight, heat the contents of the retort 
to gentle ebullition, and continue the application of the same degree 
of heat until the drops, as they fall into the receiver, have for some 
time altogether ceased to impart the least tint of blue to the portion 
of the fluid with which they first come iq contact. Before ceasing to heat, 
a strip of turmeric paper in the tubulure of the retort and satisfy 
yourself that it is not turned brown. Loosen the stopper of the retort; 
* l ow stand half an hour, pour the contents of the receiver and U-tube 
m 0 a beaker, rinsing out with small quantities of water, determine 
nally with a standard solution of soda the quantity of acid still free, 
w 1( m, by simple subtraction, will give the amount of acid which has 
vom bined with the ammonia ; and from this you may now calculate 
e amount of the latter (§ 220). Results accurate. (Expt. No. 55.) 

^ It you wish to determine bff^he gravimetric method the quantity of 
fvionia expelled , receive the Ammonia evolved in a quantity of hydro- 
th 01 H more sufficient to fix the whole of it, and determine 
chloride of ammonium formed, either by simple evaporation after 
dirl ^? rec ^ ons ij or as ammonio-bichloride of platinum after the 
? l ^ns of 2. The latter method is much to be preferred. 
c * Expulsion of the ammonia by milk of lime, without appli- 
HEAT * — -^is m ethod, recommended by Sciilosing, is based 
11 ie fact that an aqueous solution containing free ammonia gives 
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off the latter completely, and in a comparatively short time, when 
exposed in a shallow vessel to the air, at the common temperature. It 
finds application in cases where the presence of organic nitrogenous 
substances, decomposable by boiling alkalies or alkaline earths, forbids 
the use of the method described in 3, a; thus, for instance, in the 
estimation of the ammonia in urine, <fcc. 

The fluid containing the ammonia , the volume of which must not 
exceed 35 c.c., is introduced into a shallow flat-bottomed vessel from 
10 to 12 centimetres in diameter,* this vessel is put on a plate filled 
with mercury. A tripod, made of a massive glass-rod, is placed in the 
vessel which contains the solution of the ammoniacal salt, and a saucer 
or shallow dish with 10 c.c. of normal oxalic or sulphuric acid (§ 215) 
put on it. A beaker is now inverted over the whole. The beaker is 
lifted up on one side as far as is required, and a sufficient quantity of 
milk of lime added by means of a pipette (which should not be drawn 
out at the lower end). The beaker is then rapidly pressed down, and 
weighted with a stone slab. After forty-eight hours the glass is lifted 
up, and a slip of moist reddened litmus paper placed in it ; if no change 
of color is observable, this is a sign that the expulsion of the ammonia 
is complete ; in the contrary case, the glass must be replaced. Instead 
of the beaker and plate with mercury, a bell-jar, with a ground and 
greased rim, placed air-tight on a level glass plate, may be used. A 
bell-jar, having at the top a tubular opening, furnished with a close- 
fitting glass stopper, answers the purpose best, as it permits the intro- 
duction of a slip of red litmus paper suspended from a thread ; thus 
enabling the operator to see whether the combination of the ammonia 
with the acid is completed, without the necessity of removing the bell 
jar. According to Schlosing, forty-eight hours are always sufficient 
to expel 'i to 1 gramme of ammonia from 25 to 35 c.c. of solution. 
However, I can admit this statement only as regards quantities up 
to *3 grm. ; quantities above this often require a longer time. I, there- 
fore, always prefer operating with quantities of substance containing not 
more than *3 grm. ammonia. 

When all the ammonia has been expelled, fold has entered into 
combination with the acid, the quantity of acid left free is determined 
by means of standard solution $f soda, and the amount of the ammonia 
calculated from the result (§ 220). t * 

c. Indirect method after Fr. Mohr.*- 77 ]ji this method a known 
quantity of alkali, in excess, is heated with water and the ammonia 
salt till all the ammonia has escaped, the alkali in, the residue is then 
estimated volumetrically, and the ammonia equivalent to the alkalinity 
lost is calculated. The method has but limited application, since it can 
only be jtffidin the analysis of neutral amjmonia salts in the absence of 
organic Wfmer.f It is however convenient and exact, and may be 
conductear in a simple flask supported. obliquely. As alkali you may 
use either normal soda solution or ridi&al carbonate of soda solution 
(53’°4 £P^n* in 1 litre). The boiling Should be stopped when the fuuiei- 
escaping cease to act on litmus and turmeric paper. 

. # His Lehrbucb der Titrirmethode. , 

T Fven organic matter free from nitrogen has an injurious action, as when boiieo 
with alkali it will yield humus-like products of decomposition with an acid nature 
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In the absence of other bases, lithia may, like potassa and soda, 
be converted into anhydrous sulphate, and weighed in that form 
(LiO,SO). As lithia forms no acid sulphate, the excess of sulphuric 
acid ’may* be readily removed by simple ignition. Carbonate of 
Lithia also, which is difficultly soluble in water, and fuses at a red 
heat without decomposition, is well suited for weighing ; whilst chloride 
of lithium, which deliquesces in the air, and is by ignition in moist air 
converted into hydrochloric acid and lithia, is unfit for the estimation of 
lithia. 

In presence of other alkalies, lithia is best converted into basic 
phosphate OF lithia (3Li0,P0 6 ), and weighed in that form. This is 
effected by the following process : add to the solution a sufficient 
quantity of phosphate of soda (which must be perfectly free from 
phosphates of the alkaline earths), and enough soda to keep the 
reaction alkaline, and evaporate the mixture to dryness; pour water 
over the residue, in sufficient quantity to dissolve the soluble salts with 
the aid of a gentle heat, add an equal volume of solution of ammonia, 
digest at a gentle heat, filter after twelve hours, and wash the pre- 
cipitate with a mixture of equal volumes of water and solution of 
ammonia. Evaporate the filtrate and first washings to dryness, and 
treat the residue in the same way as before. If some more phosphate 
of lithia is thereby obtained, add this to the principal quantity. The 
process gives, on an average, 99*61 for 100 parts of lithia (Mayer*). 

If the quantity of lithia present is relatively very small, the larger 
portion of the potassa or soda compounds should first be removed by 
addition of absolute alcohol to the most highly concentrated solution of 
the salts (chlorides, bromides, iodides, or nitrates, but not sulphates) ; 
since this, by lessening the amount of water required to effect the 
separation of the phosphate of lithia from the soluble salts, will prevent 
loss of lithia (W. Mayer+). 

The precipitated basic phosphate of lithia has the formula 3LiO, 
P 0 6 + aq. It dissolves in 2539 parts of pure, and 3920 parts of ammo- 
niated water; at 100 -it completely loses its water; if pure, it does not 
cake at a moderate red heat (Mayer). 

The objections raised by Bammelsberg^ to Mayer's method of 
estimating lithia I find to be, ungrounded. According to my own 
experience, it appears that the filtrate and wash- water must be evaporated 
in a platin um dish not only once, but at least twice — in fact, till, a 
residue is obtained which 18 completely soluble in dilute ammonia. 
Phosphate of lithia may be dried at 100 , or ignited according to § 53, 
before being weighed. |bthe latter case, care must be taken to free 
the filter as much as possible from the precipitate before proceeding to 
incinerate x it. I have thus' obtained, § instead of 100 parts carbonate 


* Anna! d. Chem. u. Pharm. 98, 212. , , 

t Anual. d. Chem. u. Pharm. 98, 195, where Mayer has also aemonstroted the 
n j -,na lithia of fixed composition (Berzp.lius), or 


1 aHiMu, u. vuciu. u. fuuui< yw, *y 

non-existence of a phosphate of Boda anu 
<* varying composition (Rammelsbjbrg). 
+ Pogg. Annal. 102, 443. 


§ Zeitschr. f. Analyt. Chem. 1, 42. 
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of lithia, by drying, 99-84, 99*89, 100*41, — by igniting, 99*66 and 
100*05. The phosphate of lithia obtained was free from soda. 


SECOND GROUP. 

BARYTA — STRONTIA — LIME — MAGNESIA. 

§ 101. 
i. Baryta. 

a. Solution. 

Caustic baryta is soluble in water, as are many of the salts of this 
alkaline earth. The salts of baryta which are insoluble in water are, 
with almost the single exception of the sulphate and silicofluoride 
readily dissolved by dilute hydrochloric acid. The solution of the 
sulphate is effected by fusion with the mixed carbonates of soda and 
potassa, &c. (See § 132.) Silicofluoride of barium may be readily 
converted into the sulphate by heating and evaporating with moderately 
dilute sulphuric acid in a platinum dish ; it may also be conveniently 
decomposed by fusing with carbonate of potassa and soda. 

b. Determination. 

Baryta is weighed either as sulphate, or as carbonate , rarely (in the 
separation from strontia, &c.) as silicofluoride of barium or as chromaU 
of baryta (§ 71). Baryta in the pure state, or in, form of carbonate, 
may also be determined by the alkalimetric method. Comp. § 223. 

We may convert into 

1. Sulphate of baryta : 

a. By Precipitation. — All compounds of baryta without exception. 

b. By Evaporation . — All compounds of baryta with volatile acids, if 
no other non-volatile body is present. 

2. Carbonate of baryta : 

a. All salts of baryta soluble in water. 

b. Salts of baryta with organic acids. 

Baryta is both precipitated and weighed, by far the most frequently 
as sulphate, the more so as this is the form in which it is most con- 
veniently separated from other bases. The determination by means of 
evaporation is, in cases where it can be applied, and where we are not 
obliged to evaporate large quantities of fluid, very exact and con- 
venient. Baryta, is determined as carbonate in the wet way, when 
from any reason it is not possible or not desirable to precipitate it as 
Sulphate.. . If . a fluid or dry substance contains bodies which impede 
the precipitation of the baryta as sulphate or carbonate (alkaline citrates, 
inetaphosphoric acid, see § 71, a and b ), such bodies must of course be 
got rid o f, b ef o re proceeding to precipitation. The precipitation of baryta 
as siUcofll$jpL<i and as chromate will be described under the separation 
from strontia, § 154. 

1. Determination as Sulphate of Baryta, 
a. By Precipitation. 

Heat the moderately dilute solution of baryta, which must not 
contain too much free acid (and must, therefore, if necessary, first be 
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freed therefrom by evaporation or addition of ammonia), in a platinum 
or porcelain dish, or in a glass vessel, to incipient ebullition, add dilute 
sulphuric acid, as long as a precipitate forms, keep the mixture for 
some time at a temperature very near the boiling point, stirring if not 
on a water-bath, and allow the precipitate to subside; decant the almost 
clear supernatant fluid on a filter, boil the precipitate once with water 
and a little dilute sulphuric acid, then three or four times with water, 
transfer it to the filter, and wash with boiling water, until the filtrate 
is no longer rendered turbid by chloride of barium. Dry the precipi- 
tate, and treat it as directed in § 53, using only a moderate red heat. 
If the precipitate has been properly washed in the manner here directed, 
it is perfectly pure. However, in the presence of alkaline salts the 
precipitate will still contain small quantities of alkaline sulphate, see 
§ 153- 

b. By Evaporation . 

Add to the solution, in a weighed platinum dish, pure sulphuric 
acid very slightly in excess, and evaporate on the water-batli ; expel tin* 
excess of sulphuric acid by cautious application of heat, and ignite tin* 
residue moderately. 

For the properties of sulphate of baryta, see § 71. 

Both methods, if carefully executed, give almost absolutely accurate 
results. 

2. Determination as Carbonate of Baryta . 
a . Ii\ Solutions. 

Mix the moderately dilute solution of the baryta salt, in a beaker 
with ammonia, add carbonate of ammonia in slight excess, and let the 
mixture stand several hours in a warm place. Filter, wash the preci 
pitate with water mixed with a little ammonia, dry, and ignite mode- 
rately (§ 53). 

For the properties of the precipitate, see § 71. This method in- 
volves a trifling loss of substance, as the carbonate of baryta is not 
absolutely insoluble in water. The direct experiment, No. 56, gave 
9979 instead of 100. If the solution contains a notable quantity of 
ammoniacal salts, the loss incurred is much more considerable, since 
the presence of such salts greatly increases the solubility of the car- 
bonate of baryta. 

, b. In Salts of Baryta with Organic Acids. 

Heat the salt slowly in a covered platinum crucible, until no more 
fames are^ evolved ; place the crucible obliquely, with the lid leaning 
against it, and ignite, until the whole of the carbon is consumed, and 
the residue presents a perfectly white appearance : moisten the residue 
with a concentrated solution of carbonate of ammonia, evaporate, ignite 
gently, and weigh. The results obtained by this method are quite 
satisfactory. A direct experiment, No. 57, gave 99*61 instead of 100. 
I he loss of substance, which almost invariably attends this method, is 
owing to particles of the salt being carried away upon ignition, ancl is 
accordingly the less considerable, the more slowly and gradually the 
heat is increased. Omission of the moistening of the residue with car- 
bonate of ammonia would involve a further loss of substance, as the 
ignition of carbonate of baryta in contact with carbon is attended with 
formation of some caustic baryta, carbonic oxide being evolved. 
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[§ 102 . 


. a. Solution . - • , .. ,. , , 

See the preceding paragraph (§ ioi, a), the directions there given 

applying equally hell. Silicofluoride of strontium is readily and com- 
pletely soluble in water acidified with hydrochloric acid. 

b. Determination. . ' _ , , , 

Strontia is weighed either, as sulphate or as carbonate of strontia 
(§ 72). Strontia in the pure state, or in form of carbonate, may be 
determined also by the alkalimetric method. Comp. § 223. 

We may convert into 


1. Sulphate of strontia: 

a By Precipitation. — All compounds of strontia without exception. 

b. By Evaporation.— All salts of strontia with volatile acids, it no 
other non-volatile body is present. 

2. Qarbonate of strontia: 

a. All compounds of strontia soluble in water. 

b. Salts of strontia with organic acids. 

The method based on the precipitation of strontia with sulphuric 
acid yields accurate results only in cases where the fluid from which 
the strontia is to be precipitated, may be mixed, without injury, with 
alcohol Where this cannot be done, and where the method based on 
the evaporation of the solution of strontia with sulphuric acid is equally 
inapplicable, the conversion into the carbonate ought to be resorted to 
in preference, if admissible. As in the case of baryta, so here, we have 
to be on our guard against the presence of substances which woul< 
impede precipitation. 

1. Determination as Sulphate of Strontia. 
a. Bp Precipitation. 

Mix the solution of the salt of strontia (which must not be too 
dilute, nor contain much free hydrochloric or nitric acid) with dilute 
sulphuric acid in excess, in a beaker, and add, at an equal volume 
of alcohol 3 let the mixture stand twelve hours, fctid filter ; wash the 
precipitate with dilute spirit of wine, dry and ighite (§ 53). 

If the circumstances of the case prevent the use of alcohol, the fluu 
must be precipitated in a tolerably concentrated state, a good excess 0 
sulphuric acid must be used (in the presence of chloride of potassium, 
sodium or magnesium, this is particularly necessary), and the mixture 
must be allowed to stand in the cold for at least twenty-four hours, 
filtered, and the precipitate washed with bcold water, until the lj 1 ^ 
§nsings manifest no longer an acid reac^oi&mid leave no perceptible 
residue upon evaporation. If traces of |» sulphuric acid remain 
v adhering to. the filter, the latter turns tiogpfc drying, and crumbles to 
pieces; too protracted washing ot 0 palpitate, on the other hand, 
tends to increase tBe loss of substance. , 

Care must be taken that the precipitate be thoroughly dry, beioi 
proceeding to ignite it j otherwise it will be apt to throw off fine P al 
tides during the latter process. The filter, which is to be burnt apar 
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from the precipitate, must be as clean as possible, or some loss of sub- 
stance will be incurred ; as may be clearly seen from the depth of the 
carmine tint of the flame with which the filter burns if the precipitate 
has not been properly removed. 

For the properties of the precipitate, see § 72. When alcohol is 
used and the directions given are properly adhered to, the results are 
very accurate ; when the sulphate of strontia is precipitated from an 
aqueous solution, on the contrary, a certain amount of loss is unavoid- 
able, as sulphate of strontia is not absolutely insoluble in water. The 
direct experiments, without the use of alcohol (No. 58), gave only 98*12 
and 98*02 instead Of 100. However, the error may be satisfactorily 
rectified, by calculating the amount of sulphate of strontia dissolved in 
the filtrate and the wash-water, basing the calculation upon the known 
degree of solubility of sulphate of strontia in acidified and pure water. 
See Expt. No. 59, which, with this correction, gave 9977 instead of 100. 
The necessity for making the correction may be obviated by washing 
with 1 part of sulphuric acid mixed with 20 parts water till all sub- 
stances precipitable by spirit are removed, then with spirit till all the 
sulphuric acid is removed. Sulphate of strontia also carries* down, if 
not to the same extent as sulphate of baryta, the sulphates of other 
strong bases in small quantity. Compare § 153. 

b. By Evaporation. 

The same method as described for baryta, § 101, I, 6. 

2. Determination as Carbonate of Strontia. 

a. In Solutions. 

The same method as described § 161, 2, a. For the properties of 
the precipitate, see § 72. The method gives very accurate results, at 
least far more accurate than the determination with sulphuric acid in 
aqueous solution when no correction is made ; as carbonate of strontia 
is practically insoluble in water containing ammonia and carbonate of 
ammoniai f ^L direct experiment, No. 60, gave 99*82 instead of 100. 
Presence i^pimoniacal salts exercises here a less adverse influence than 
in th© palpitation ' of carbonate of baryta. 

b. In ScfUs with Organic Acids. 

The sajpe method as described § 10 1, 2, b. The remarks made there, 
respecting $he accuracy of the results, apply equally here. 

§ 103. 

3. Limb. 

a. Solution.. 

See §'ioi, a. — Fliibride of calcium is, by means of sulphuric acid, 
converted into sulpha^^ cl lime, and the latter again, if necessary, 
decomposed by boiling effusing with an alkaline carbonate (§ 132). 

b. Determmcdi^0^f '■ ■; ' • \ ' 

Lime is weighed either as sulphateysa carbonate <tf lime, or as camtic 
tvrtie (§ 73), Jt may be brought into the first form by evaporation, or 

precipitation ; into the two latter, by precipitation as oxalate, or as 
carbonate, or by ignition. Lime in the pure state, or in form of car- 
bonate, may be determined also by the alkalimetric method. Comp^ 
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§ 223. The volumetric estimation may also be easily made if the lime 
is precipitated as oxalate, either by a direct or an indirect method. 

We may convert into 

1. Sulphate op lime. 

a. By Precipitation . — All/ salts of lime with acids soluble in alcohol, 
provided no other substance insoluble in alcohol be present. 

h. By Evaporation . — All salts of lime with volatile acids, provided 
110 non-volatile body be present. 

2. Carbonate of lime, or Lime. 

a. By Precipitation with carbonate of ammonia . — All salts of lime 
soluble in water. 

b. By Precipitation with oxalate of ammonia. — All salts of lime soluble 
in water or in hydrochloric acid without exception. 

c. By Ignition. — Salts of lime with organic acids. 

Of these several methods, 2, b, is the one most frequently resorted 
to. This, and the method 1, b , give the most accurate results. The 
method, 1, a, is usually resorted to only to effect the separation of lime 
from other bases; 2, a, generally only to effect the separation of lime 
together with other alkaline earths from the alkalies. As many bodies 
(alkaline citrates, and metaphosphates) interfere with the precipitation 
of lime by the precipitants given, these, if present, must be first 
removed. 

3. The volumetric modes of estimation, which are particularly to 
be recommended when a considerable number of determinations are 
required, will be. described after the gravimetric modes. 

1. Determination as Sulphate of Lime. 

a. By Precipitation. 

Mix the solution of lime, which may contain a little free hydro- 
chloric acid, in a beaker, with dilute sulphuric acid in excess, and add 
three or four volumes of alcohol ; let the mixture stand twelve hours, 
filter, and thoroughly wash the precipitate with spirit' of wine, dry, and 
ignite moderately (§ 53). For the properties of the precipitate, see 
§ 73. The results are only slightly too low. A direct experiment, 
No. 61, gave 99*64 instead of 100. 

b. By Evaporation. 

The same method as described § 10 1, 1, b. 

2. Determination as Carbonate of Lime, or Lime. 

a. By Precipitation with Carbonate of Ammonia. 

The same method as described § 10 1, 2, a. The precipitate must be 
exposed only to a very gentle red heat, but this must be continued for 
some time. For the properties of the precipitate, see § 73. This 
method gives very accurate results, th^ loss of substance incurred 
being hardly worth - mentioning. If the solution contains chloride of 
ammonium or Bimilgr ammoniacal salts in considerable proportion, the 
loss of substance incurred is far greater. The same is the case if the 
precipitate is washed with pure instead of ammoniacal water. A direct 
experiment, No. 62, in which pure water was used, gave 99*17 instead 
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of too parts of lime. If it is feared that any caustic lime has formed 
through the heat being too high, moisten the residue with water, add a 
lump of carbonate of ammonia, allow to evaporate slowly, and heat 
again to gentle redness, that is, till the bottom of the crucible is just 
dull red. If a gas blowpipe can be used, the carbonate of lime may be 
converted into lime by prolonged strong ignition, and weighed as such ; 
compare b t * 

b . By Precipitation with Oxalate of Ammonia. 

a. The Lime Salt is soluble in Water. 

To the hot solution in a beaker, add oxalate of ammonia in moderate 
excess, and then ammonia sufficient to impart an ammoniacal smell to 
the fluid; cover the glass, and let it stand in a warm place until the 
precipitate has completely subsided, which will require twelve hours, 
at least. Pour the clear fluid cautiously, so as to leave the precipitate 
undisturbed, on a filter ; wash the precipitate two or three times by 
decantation with hot water ; lastly, transfer the precipitate also to the 
filter, by rinsing with hot water, taking care, before the addition of a 
fresh portion, to wait until the fluid has completely passed through the 
filter, t Small particles of the precipitate, adhering firmly to the glass, 
are removed with a feather, or a glass rod covered at the end with si 
piece of flexible tube. If this fails to effect their complete removal, 
they should be dissolved in a few drops of highly dilute hydrochloric 
acid, ammonia added to the solution, and the oxalate obtained, after it 
has settled, added to the first precipitate. Deviations from the rules 
laid down here will generally give rise to the passing of a turbid fluid 
through the filter. After having washed the precipitate, dry it on the 
filter in the funnel, and transfer the dry precipitate to a platinum 
crucible, taking care to remove it as completely as possible from the 
filter ; burn the filter on the lid or on a piece of platinum wire, letting 
the ash drop into the lid ; now put the latter, inverted, on the crucible, 
so that the filter ash may not mix with the precipitate ; heat at first 
very gently, then more strongly, until the bottom of the crucible is 
heated to very faint redness. Keep it at that temperature from ten to 
fifteen minutes, 'removing the lid from time to time. I am accustomed 
during this operation to move the lamp backwards and forwards under 
the crucible with the hand, since, if you allow it to stand, the heat may 
very easily get too high. Finally allow to cool in the desiccator and 
weigh. After weighing, moisten the contents of the crucible, which 
must be perfectly white, or barely show the least tinge of gray, with a 
little water, and test this after a time with a minute slip of turmeric 
paper. Should the paper turn brown — a sign that the heat applied was 
too strong— rinse off thfc fluid adhering to the paper with a little water, 
into the crucible, throw in a small lump of pure carbonate of ammonia, 
evaporate to dryness (best on the water-bath), heat to very faint 

* Fbitzsghb (Zeitschr. f. anal. Chem. 3, 179) and A. Cossa (lb. 8, 141) in con- 
verting precipitated carbonate of lime into lime obtained somewhat too Httle (about 
997 instead of ico). But I think this may be explained by supposing that the car- 
bonate of lime employed (Fritzsche dried his at 160 0 ) was not anhydrous, which 
Fritzsche himself hints. p , 

f In order to make the oxalate of lime settle more rapidly and to filter it off clear 
more readily, Muck recommends the addition of 1 c.c. of ammonia alum solution, 
containing *ooi grm'. alumina. An excess of ammonia must be avoided, and *ooi 
must be deducted from the weight of lime obtained Zeitschr. f. anal. Chem. 9, 45 1 )' 
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redness, and weigh the residue. If the weight has increased, repeat 
the same operation until the weight remains constant. This method 
gives nearly absolutely .accurate results ; and if the application of heat 
is properly managed, there is no need of the tedious evaporation with 
carbonate of ammonia., For the properties of the precipitate and 
residue, see § 73. A direct experiment, % 0. 63, gave 99*99 instead of 
100. Equally accurate results have been obtained by A. SotrciiAY in 
my laboratory.* 

If a gas blowpipe is at hand, or any other arrangement by means of 
which a platinum crucible may be raised to & white heat, the oxalate of 
lime may be converted into caustic lime with results almost equally 
accurate ; and I believe that this method, which requires less patience 
than the other, is more certain to yield good results in the hands of many 
persons. The oxalate of lime and the filter ash are transferred to a mode- 
rate-sized platinum crucible, which is ignited first over the Bunsen, 
and then for fifteen minutes over the blowpipe. The crucible is then 
weighed, and ignited again for ten minutes more over the blowpipe. 
The second ignition over the blowpipe should not reduce the weight. 
It is well to weigh the empty crucible again at the end of the opera- 
tion, as platinum sometimes loses weight after violent and prolonged 
ignition. The results obtained by Fritzsche, Cossa, and Souciiay 
(loc. cit.) scarcely differ from the calculated numbers. For properties of 
lime, see § 73. 

The oxalate of lime may also be converted into sulphate. 
Sciirotter ignites in a covered platinum crucible with pure sulphate 
of ammonia. Or you may ignite in a covered platinum dish till the 
precipitate is for the most part converted into lime, add a little water, 
then hydrochloric acid to effect solution, then pure sulphuric acid in 
excess, evaporate and ignite moderately. This process is also quite 
accurate. 

Many chemists collect the oxalate on a weighed filter, dry at 
ioo°, and weigh. The precipitate consists of 20a0,C 4 0 fl + 2 aq. 
This is, however, more troublesome, and less accurate than the first 
method. 

/3. The Salt is insoluble in Water . > \ 

Dissolve the salt in dilute hydrochloric acid. II the acid combined 
with the lime is of a nature to escape in this operation (e.g., carbonic 
acid), or to admit of its separation by evaporation (e.g., silicic acid), 
proceed, after the removal of the acid, as directed in a. But if the 
acid cannot thus be readily got rid of (e.g., phosphoric acid), proceed as 
follows : add ammonia until a precipitate begins to form, redissolvo 
this with a drop of hydrochloric acid, add oxalate of ammonia in excess, 
and finally acetate of soda ; allow the pr6^piiate to subside, and 
proceed for the remainder of the operation -as directed in a. In this 
process the free hydrochloric acid present com^ines with the ammonia 
and soda of the oxalate and acetate, Hberafcj|j|b0iTesponding quantity 
of oxalic acid and acetie acid, in which aridsj bxalate of lime is nearly 
insoluble. The loss by this method is- very slight. A direct expe- 
riment, No. 64, gave 99*7^ instead of 100. 

c. By Ignition??; 

The same method as described § 101, 2 The residue remaining 
* Zeitschr. f. anal. Cfcem. 10, 323. 
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upon evaporation with carbonate of ammonia (which operation it is 
advisable to perform twice) must be ignited very gently. The re- 
marks made in reference to the accuracy of the results, apply equally 
here. By way of control, the carbonate of lime may be converted into 
the caustic state or into sulphate of lime (see 6, a), or it may be de- 
termined alkalimetrically (§ 223), 

3. Volumetric Methods . 

a. For the alkalimetric estimation of caustic lime and carbonate of 
lime, see § 223. Very good results may be obtained from the mixture 
of lime and carbonate of lime, produced by igniting the oxalate 
moderately in the air (Expt. No. 65). 

b. Precipitation as oxalate and direct estimation of the oxalic acid. 
The precipitate is well washed, but not dried, and the oxalic acid is 
estimated by permanganate of potassa (§ 137); 9 parts of anhydrous 
oxalic acid represent 7 parts of lime (Hempel), Results very good 
(Expt. No. 65). 

c. Precipitation as oxalate and indirect estimation of the oxalic acid 
(Kraut*). The lime salt must be soluble in water. Place the solu- 
tion in a measuring flask, add an exactly measured quantity of 
decinormal oxalic acid (§ 215), more than sufficient to precipitate the 
lime, add ammonia till alkaline, boil, allow to cool, fill the flask up to 
the mark, shake, filter through a dry filter, measure out an aliquot part 
of the filtrate (not less than one-half), and determine the oxalic acid in 
it by permanganate of potash, according to § 137 ; calculate the 
quantity for the whole filtrate, deduct this from the quantity added, 
and the remainder will be the oxalic acid equivalent to the lime present. 
1 c.c, decinormal oxalic acid = *0028 grm. lime. This process is rapid, 
and gives good results. If the amount of lime is small in comparison 
with the volume of the fluid no correction will be necessary on 
account of the space occupied by the oxalate of lime in the measuring 
flask. 

§ 104. 

4. Magnesia. 

a. Solution . 

Many of the compounds of magnesia are soluble in water ; those 
which are insoluble - in that menstruum dissolve in hydrochloric acid, 
with the exception of some silicates and aluminates (see §§ 105 and 140). 

b. Determination . 

Magnesia is weighed (§ 74) as sulphate , as pyrophosphate, or as pure 
magnesia. In the pure state, or in form of carbonate, it may be deter- 
mined filso by the alkalimetric method described in § 223. 

We may convert / i|$p 

1. Sulphate qe^\MAGNESIA : All compounds of magnesia with 
volatile acids, provided^O' Other non-volatile substance be present. 

2. Pyeophosphat^^^' ^KAO rrESJA : All compounds of magnesia 
without exception. * ' 

3. Pure magnesia : 

a. Salts of magnesia *with organic acids, or with readily volatile 
inorganic oxygen acids. 

# Cherm' Centralbl. 1856, 316. 
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b. Chloride of magnesium, and the compounds of magnesia con- 
vertible into that 

' -t? -i 

The direct determination as sulphate of magnesia is highly recom- 
mended in all cases where it is applicable. The determination as 
pyrophosphate is most generally resorted to ; especially also in the 
separation of magnesia from other bases. The method based on the 
conversion of chloride of magnesium into pure magnesia is usually 
resorted to only to effect the separation of magnesia from the fixed 
alkalies. Compounds of magnesia with phosphoric acid are analysed 
as § 135 directs. 

1 . Determination as Sulphate of Magnesia. 

Add to the solution pure dilute sulphuric acid in quantity more than 
sufficient to combine with the magnesia present, evaporate to dryness, 
in a weighed platinum dish on the water -bath ; then heat at first 
cautiously, afterwards, with the cover on more strongly — here it is 
advisable to place the lamp so that the flame may play obliquely on 
the cover from above — until the excess of sulphuric acid is completely 
expelled ; lastly, ignite gently over the lamp for some time ; allow to 
cool, and weigh. Should no fumes of sulphuric acid escape upon the 
application of a strongish heat, this may be looked upon as a sure sign 
that the sulphuric acid has not been added in. sufficient quantity, in 
which case, after allowing to cool, a fresh portion of sulphuric acid is 
added. The method yields very accurate results. Care must be taken 
not to use a very large excess of sulphuric acid. The residue must be 
exposed to a moderate red heat only, and weighed rapidly. For the 
properties of the residue, see § 74. 

2. Determination of Pyrophosphate of Magnesia. 

The solution of the salt of magnesia is mixed, in a beaker, with 
chloride of ammonium, and ammonia added in slight excess. Should a 
precipitate form upon the addition of ammonia, sufficient chloride of 
ammonium must be added to effect its re-solution. The clear fluid is 
then mixed with a solution of phosphate of soda in excess, and tlio 
mixture stirred, taking care to avoid touching the sides of the beaker 
with the stirring-rod ; otherwise particles of the precipitate are apt to 
adhere so firmly to the rubbed parts of the beaker, that it will be found 
difficult to remove them ; the beaker is then covered, and allowed to 
stand at rest for twelve hours, without warming ; after that time the 
fluid is filtered, and the precipitate collected on the filter, the last par- 
ticles of it being rinsed out of the glass with a portion of the filtrate, 
with the aid of a feather; when the fluid has completely passed 
through, the precipitate is washed with a mixture of 3 parts of water, 
and 1 pari; of solution of ammonia of *96 sp. gr., the operation being 
continued until a few drops of the fluid passing through the filter 
mixed with nitric acid and a drop of nitrate of silver show no opa- 
lescence. The precipitate is now thoroughly drie^ and then trans- 
ferred, to a platinum crucible (§ 53); the latter fwith the lid on, is 
exposed for some time to a very gentle heat, which is finally increased 
to intense redness The filter, as clean as practicable, is incinerated 
on the lid, arid the ash transferred to the crucible, which is then once 
more exposed to a red heat, allowed to cool, and weighed. If the pyro- 
phosphate of magnesia is not quite white, moisten it with a few drops 
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of nitric acid, evaporate them off, and heat the residue again, using 
great caution at first. ■ V ; 

For the properties of the precipitate and residue, see § 74. Tins 
method, if properly executed, yields most accurate results. The pre- 
cipitate must be washed completely, but not over-washed, and the wash- 
ing water must always contain the requisite quantity of ammonia. 

3. Determination as pure Magnesia. 

a. In Salts of Magnesia with Organic or Volatile Inorganic Acids. 

The salt of magnesia is gently heated in a covered platinum crucible, 

increasing the temperature gradually, until no more fumes escape 1 ; 
the lid is then removed, and the crucible placed in an oblique position, 
with the lid leaning against it. A red heat is now applied, until 
the residue is perfectly white. For the properties of the residue, see 
§ 74. The method gives the more accurate results the more slowly 
the salt is heated from the beginning. Some loss of substance is 
usually sustained, owing to traces of the salt being carried off with the 
empyreumatic products. Salts of magnesia with readily volatile oxygen 
acids (carbonic acid, nitric acid), may be transformed into magnesia in 
a similar way, by simple ignition. Even sulphate of magnesia, loses 
the whole of its sulphuric acid when exposed, in a platinum crucible, 
to the heat of the gas blowpipe-flame (Sonnensciiein). As regards 
small quantites of sulphate of magnesia, I can fully confirm this 
statement. 

b. Conversion of Chloride of Magnesium into pure Magnesia. 

The concentrated solution of chloride of magnesium is mixed in a 
porcelain crucible, with pure oxide of mercury shaken up with water, 
in proportion more than sufficient to convert by its oxygen the whole 
of the magnesium present into magnesia. The mixture is evaporated 
on the water-bath, apd the residue thoroughly dried ; the crucible is 
now covered, and exposed to a red heat, until the cliloride of mercury 
formed is expelled, together with the excess of oxide of mercury. The 
operator should carefully guard against inhaling the fumes evolved. 
The residue of magnesia is either weighed at once in the crucible, or if 
the operation had for its object the separation of the earth from the 
alkalies, it is collected upon a filter, washed with hot water, dried, and 
ignited (§ 53). Compare also § 153, B, 4 (17-21), where some other 
methods are given to .effect the same purpose, which are often more 
convenient for separation. 


THIRD GROUP OF THE BASES. 

ALUMINA — SESQUIOXIDE OF CHROMIUM — (TITANIC ACID). 

§105. 

1. Alumina. 

a. Solution . 

Those of the compounds of alumina which are insoluble in w*ater, 
dissolve, for the most part, in hydrochloric acid. Native crystallised 
alumina (sapphire, ruby, corundum); and many native alumina com- 
pounds, and also artificially produced alumina after intense ignition . 
Squire fusing with carbonate of soda, caustic potassa, or hydrate of 
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baryta, as a preliminary step to their solution in hydrochloric acid. 
Many alumina compounds (e.g., clay) which resist the action of con- 
centrated hydrochloric acid, may be decomposed by protracted heating 
with moderately concentrated sulphuric acid, or by fusion with bisul- 
phate of soda. Bisulphate of potassar£sed to be employed, but it gives 
rise to the formation of a troublesoinb double salt of alumina and 
potassa difficultly soluble in water and acids (L. Smith*). < 

b. Determination. — ' 'Ab •.* • , .»<* 

Alumina is almost invariably weighed in the pure state , occasionally 
as phosphate (compare for instance § 209, 7, 1 ?E). The several com- 
pounds of alumina are converted into pure alumiria, either by precipi- 
tation as hydrate of alumina, and subsequent’ ignition, or by simple 
ignition. Precipitation as basic acetate or basic formiate is resorted to 
only in cases of separation. For an indirect (acidimetric) estimation of 
alumina in alum, &c., see § 215. 

We may convert into 

. Alumina : 

a. By Precipitation. — All compounds of alumina soluble in water, 

and those which, insoluble in that menstruum, dissolve in hydrochloric 
acid, with separation of their acids. . 

b. By Heating or Ignition . — a. All salts of alumina with readily 

volatile oxygen acids (e.g., nitrate of alumina). J3. All salts of alumina, 
with organic aeids. m- 1 .'*” 

With regard to the method a, it must be remembered that the solu- 
tion must contain no organic substances, which ’Would interfere with 
the precipitation — e.g. , tartaric acid, sugar, &c. Should such be present, 
the solution must be mixed with carbonate of soda and nitrate of 
potassa, evaporated to dryness in a platinum .dish, 'the residue fused, 
then macerated in water, transferred to a beaker, digested with hydro- 
chloric acid,, and the solution filtered, and then precipitated. 

The methods b, a and are applicable only in pase^ where no other 
fixed substances or chloride of ammonium are present** .(The latter when 
ignited with alumina would occasion a loss of chldrideof aluminium.) 
The methods of estimating alumina in its combinations with phosphoric, 
boracic, silicic, and chromic acids, will be found in Part XI. of this 
Section, under the heads of these several acids/h^ 

Determination as Alumina. ; V’ /' 

a. By Precipitation. ' " ' 

Mix the .moderately dilute hot solutidiv of alumina with a tolerable 
quantity of chloride of ammonium, if that is not already present, 
add ammonia* in sUght excess, heat to boiling, and maintain at that tem- 
perature till the free ammonia is comple't%‘fl£very nearly expelled— 
i.e., till the fluid gives a neutral Or barely ^iine. reaction (the fluid 
adhering to the test paper .^ust. be again). The fluid 

should not ibeffieaWd' iteo long; ' acid through decom- 
position of. tide phlorid^nf aml^sbme of the alumina will 

redipolve. The mW appropriate Vessel for the precipitation is a largo 
platinum dish, in default of which a porcelain dish may be used ; glass 
should not be employed, as it is attacked by hot ammoniacal fluids 

* Am. Journ. of Science and Arts, 40, 248. 
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(p. 65). Allow to settle, decant the clear supernatant fluid through a 
filter, without disturbing the precipitate, pour boiling water on the 
latter, stir it up, allow to settle again, pour off the clear fluid through 
the filter, and repeat this washing a second and a third time, finally 
transfer the precipitate to the filter and wash it thoroughly with boiling 
water. Suction is particularly useful in this case (§47); if it is em- 
ployed, the precipitate may be ignited by the method given p. 85, imme- 
diately after washing. If suction is not employed, the ignition of the 
moist precipitate is rather a critical operation. If you wish to dry the 
precipitate before you ignite it, let it be as dry as possible, and then 
ignited according to § 52. Apply a very gentle heat at first, and keep 
the crucible well covered, or you may easily lose small quantities by 'the 
violent escape of the last portions of water retained by the alumina. 

In whichever way the precipitate is ignited it is always best to 
expose it to an incipient white heat over the gas blowpipe for some time, 
in order to be sure that the last trace of water is expelled (A. Mits- 
ciikrlich*). This is the more necessary, and the heat must be con- 
tinued five or ten minutes when the solution contained sulphuric acid , 
as the precipitate then contains basic sulphate of alumina, which re- 
quires very strong and prolonged ignition for its decomposition. In 
default of a gas blowpipe, the precipitate, either simply washed or 
moderately ignited, must be redissolved in hydrochloric acid (which 
requires protracted warming with strong acid), and then precipitated 
again with ammonia; or the sulphate must first be converted into 
nitrate by decomposing it with nitrate of lead, added in very slight 
excess, the excess of lead removed by means of hydrosulphuric acid, 
and the further process conducted according to the directions of a or h. 
Carbonate of ammonia or sulphide of ammonium may be used instead 
of ammonia for precipitating, but without increasing the. accuracy of 
the results. For the properties of hydrate of alumina and ignited 
alumina, see § 75. Never neglect to test the alumina for silicic acid, 
which it frequently contains. This is done readily by heating with 
dilute sulphuric acid or fusing with bisulphate of potassa or soda f§ 75). 
The method, if properly executed, gives very accurate results. But if 
a considerable excess of ammonia is used, more particularly in the 
absence of ammoniacal salts, and the liquid is filtered without boiling 
or long standing in a warm place to remove the ammonia, no trifling 
loss may be incurred. This loss is the greater, the more dilute the 
solution, and the larger the excess of ammonia. The precipitate cannot 
be well sufficiently washed on the filter on account of its gelatinous 
nature ; on the other hand, if it be entirely washed by decantation, a 
very large quantity of wash-water must be used, hence it is advisable 
to combine the twQ methods, as directed. 

b. By Ignition . 

a. Compounds of aluirpina with volatile acids. — Ignite the salt (or 
the residue of the evaporated* solution) in a platinum crucible, gently at 
first, then gradually to the vOryhighest degree of intensity, until the 
weight remains constant. For the properties of the residue,' see § 7 5 • 
Its purity must be carefully tested. There are no sources of error. 

3. Compounds of alumina with organic acids . — The same method as 
described § 104, 3, a (Magnesia). 

* Zeitschr. f. anal. Chem. i, 67. 


QUANT. VOL. I. 


0 



194 


DETERMINATION. 


[§ 106 . 

i § 106. 

\ Sesquioxide of Chromium. 

a. Solution . 

Many of the compounds of sesquioxide of chromium ' are soluble in 
water. The hydrated sesquioxide/ and most of the salts insoluble in 
water, dissolve in hydrochloric acid. Ignition renders sesquioxide of 
chromium and many of its salts insoluble in acids ; this insoluble modi- 
fication must be prepared for solution in hydrochloric acid, by fusing 
with three or four parts of potassa in a silver crucible. A small quantity 
is converted, in the process of fusing, into chromic acid, by the action 
of the air ; this is, however, reduced again to sesquioxide upon heating 
with hydrochloric acid. Addition of alcohol greatly promotes the 
reduction. ^ Instead of this fusing with potassa, we frequently prefer 
to adopt a treatment whereby the sesquioxide is at once oxidized and 
converted into an alkaline chromate (see 2). For the solution of 
chromic iron, see § 160. 

b. Determination. 

Sesquioxide of chromium is always, when directly determined, 
weighed in the pure state. It is brought into this form either by preci- 
pitation as hydrate and ignition, or by simple ignition. It may, how- 
ever, also be estimated, by conversion ifito chromic acid, and deter- 
mination as such. 

We may convert into 

1. Sesquioxide of chromium: 

a. By Precipitation. All compounds of sesquioxide of chromium 
soluble in water, and also those which, insoluble in that menstruum, 
dissolve in hydrochloric acid, with separation of their acid. Provided 
always that no organic substances (such as citric* acid, tartaric acid, 
oxalic acid, &c.) which interfere with the precipitation be present. 

b. By Ignition, a. All salts of sesquioxide of chromium with 
volatile oxygen acids, provided no non-volatile substances be present. 
3. Salts of sesquioxide of chromium with organic acids. 

2. Chromic acid, or, more correctly speaking, alkaline chromate: 
Sesquioxide of chromium and all its salts. 

The methods of analysing the combinations of the sesquioxide of 
chromium with chromic acid, phosphoric acid, boracic acid, and silicic 
acid, will be found in Part II. of this Section, under the heads of 
these several acids. 

1. Determination as Sesquioxide of Chromium . 
a. ByfPnepipitation. 

A platinunjppn should be used by preference ; porcelain may also 
be used, but iwglass. The solution, which must not be too highly con- 
centrated, is hefted to ioo°. Ammonia is then added slightly in excess, 
and the mixture exposed to a temperature Approaching boiling, until 
the fluid over the precipitate is perfectly colorless, presenting no longer 
the least shade of red ; let tl& ( solid particles subside, wash three 
times by decantation, and lastly on the filter, with hot water, dry 
thoroughly, and ignite (§52). The heat in the latter process must be 
increased gradually, and the crucible kept covered, otherwise some loss 
of substance is likely to arise from spirting upon the incandescence of 
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the sesquioxide of chromium which marks the passing of the soluble 
into the insoluble modification. The precipitate ’ may also be very 
conveniently washed by suction (§ 47), and may then be transferred still 
moist, to the crucible in which it is to be ignited and weighed ’For 
the properties of the precipitate and residue, see § 76. This method 
if properly executed, giyea aocurate results. When a porcelain dish k 
used, the results are only very slightly too high, in consequence of the 
contamination of the precipitate with silicic acid; when a glass vessel 
is used, the contamination of the precipitate is very decided(A. Souciiay*) 
Sulphide of ammonium may be used instead of ammonia for precipitating.* 
In this case no heat is required, and glass vessels may be used. 

b. By Ignition . 

a. Salts of sesquioxide of chromium with volatile acids. 
method as described § 105 (Alumina). 

0. Salts of sesquioxide of chromium with organic acids . 
method as described § 104 (Magnesia). 

2. Conversion of Sesquioxide of Chromium into Chromic 


' The same 
The same 


(For the estimation of chromic acid, see § 130.) 

The following methods have been proposed with this view : 

a. The solution of the salt of sesquioxide of chromium is mixed with 
solution of potassa or soda in excess, until the hydrated sesquioxide, 
which forms at first, is redissolved. Chlorine gas is then conducted 
into the cold fluid until it acquires a yellowish-red tint; it is then 
mixed with potassa or soda in excess, and the mixture evaporated to 
ciryness ; the residue is ignited in a platinum crucible. The whole of 
the chiorate of potassa (or soda) formed is decomposed by this process, 
(Yohl^ rGS1( ^ Ue consis ts, therefore, of alkaline chromate and chloride 

h ' % dl -ate of potassa is heated in a silver crucible to calm fusion ; 
tne heat is then somewhat moderated, and the perfectly dry compound 
ot sesquioxide of chromium projected into the crucible. When the 
1 6 of , c ^ roi] ^ iuI ? ™ thoroughly moistened with the potassa, 

femaii lumps of fused chlorate of potassa are added. A lively efler- 
mol enCe ? nsues > Horn the escape of oxygen; at the same time the 
nass acquires a more and more yellow color, and finally becomes clear 

(H SciiwAR?) nt * f 8 °* substance must be carefully guarded against 

sorlf ^ Ve . t , he sesquioxide of chromium in solution of potassa or 
A..: V , m wde of lead in sufficient excess, and warm. The yellow 
Koln*;? r ° contains all the chromium em phyomate of lead in alkaline 
a JS F llte T, froni % .excess pf binoxi$*:$lead, add to the filtrate 

chrom^fof°£ d (aO^^, l |^ termine th ^f ei « htof * he precipitated 

cliln™+^Y^ e ses 1 u i° :5 id«;Qf chromium in a fine state of division vHth 
co Vpr . ft °t potassa ip ...a porcelain dish, add nitric acid of r3 6d6n . gr., 
Wat wi ' ■ h funnel of somewhat smaller diamete&ijBton a 


water* v. « iuixjuci ui Humewnan smaller aiameietrjM 

till nil Vi an ^ . fr< ! m time to time add crystals of chlorawr o| 
he sesquioxide is dissolved and converted into chron 


' ^eitachr. f. anal. Cliem. 4, 66, 
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Even with sesquioxide, which has-been very strongly ignited, the 
operation does not last more than 30 or 60 minutes. The chromic acid 
in the solution thus obtained may be conveniently determined as 
chromate of baryta (Storer,* PEARSONf). 

§ 107. 

> Supplement to the Third Group . 

Titanic Acid. 

Titanic acid is always weighed in the pure state ; its separation is 
effected either by precipitation with an alkali, by heating with alkaline 
acetate, or by boiling the dilute acid solution. Titanic acid may also 
be estimated volumetrically. In precipitating acid solutions of titanic 
acid ammonia is employed ; take care to add the precipitating agent only 
in slight excess, let the precipitate formed, which resembles hydrate of 
alumina, deposit, wash, first by decantation, then completely on the 
filter, dry, and ignite (§ 52). If the solution contained sulphuric acid, 
put some carbonate of ammonia into the crucible, after the first 
ignition, to secure the removal of every remaining trace of that acid. 
Lose no time in weighing the ignited titanic acid, as it is slightly 
hygroscopic. Occasionally it is more convenient to precipitate the 
titanic acid from its acid solution by nearly neutralizing with ammonia, 
adding acetate of soda or ammonia and boiling. The precipitate thus 
obtained is easily filtered off and washed. If we have titanic acid 
dissolved in sulphuric acid, or if it is dissolved by fusing with bi- 
sulphate of potassa, and treating the mass with cold water, the titanic 
acid may be precipitated by largely diluting and boiling for a long 
time with renewal of the evaporating water ; and the precipitate thus 
obtained may be easily washed with water. If much free acid is present, 
the greater part of it should be neutralized with ammonia before com- 
mencing to boil. The operation is best conducted in a platinum dish. 
After filtering, add more ammonia to the filtrate to neutralize the acid 
still further, and boil again for some time to see whether any more 
titanic acid will be precipitated. By testing the last filtrate with 
ammonia, you may make quite sure that the precipitation is complete. 
When igniting the dried precipitate, add a little carbonate of ammonia. 
If you attempt to precipitate the titanic acid In a similar way from 
dilute hydrochloric solutions, it does not separate entirely until the fluid 
is evaporated to dryness, and it must be washed with water containing 
a little acid, or the washings will pass turbid through the filter. 

Hydrate of titanic ag|^ precipitated in the cold, washed with cold 
water and dried withojjHjpt, is completely soluble in hydrochloric 
acid ; under other condi^^Et is not completely soluble. The hydrate 
of metatitanic acid, pdppitated by boiling dilute acid solutions, is 
ingpluble in dilute acids. ' Ignited titanic acid is insoluble even in con- 
centrated hydrochloric acid, but it does dissolve on prolonged heating 
with moderately strong sulphuric acid. It is easily dissolved by fusing 
for a 4fraj&j me w&h bisulphate of potassa, and treating the mass with 
much|tf|KBwfcer. Upon fusing with carbonate^ of soda, titanate of soda 
is formed! which, when treated with water, leaves 'Acid titanate of soda, 

Cb Vhr. f. anal. Chem. 9, 71. f lb. 9, 108. 
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a salt soluble in hydrochloric acid. By fusing titanic acid with three 
times its quantity of fluoride of potassium and hydrogen, fluoride of 
titanium and potassium is formed, which readily dissolves in very 
dilute hydrochloric acid (of sp. gr. 1-015) in the heat. On fusing a 
very low heat must be applied at first, till the excess of hydrofluoric 
acid has escaped, then the heat is quickly raised till the mass melts and 
the titanic acid is just dissolved (Marignac*). Titanic acid contains 
60-98 per cent, of titanium and 39*02 of oxygen. On heating with 
hydrofluoric and sulphuric acids practically no fluoride of titanium 
escapes, but by heating with hydrofluoric acid some loss does occur 
(BlLEYf). 

Titanic acid may be estimated volumetrically by being first reduced 
to sesquioxide, and then oxidized to titanic acid by standard solution of 
permanganate of potash (comp. § 112, 2; PisaniJ). Sulphuric acid 
solutions are to be avoided, either the ordinary hydrochloric solution 
is taken, or the solution of the fluoride of titanium and potassium in 
dilute hydrochloric acid. The reduction is effected by zinc with exclu- 
sion of air, with or without the application of a gentle heat. In the case 
of hydrochloric solutions it is accompanied with violet coloration, in the 
case of fluoride of titanium and potassium with greenish coloration. 
The reduction being complete the zinc is removed, and the permanganate 
is added to incipient reddening of the fluid. The weak point of the 
method lies in the difficulty of knowing exactly when the reduction is 
finished. Marignac§ has described the conditions under which he almost 
invariably obtained good results. 


FOURTH GROUP OF THE BASES. 

Oxide of Zinc— Protoxide of Manganese — Protoxide of Nickel- 
Protoxide of Cobalt — Protoxide of Iron — Sesquioxide of Iron 
(Sesquioxide of Uranium). 

§ 108. 

1. Oxide of Zinc. 

a. Solution . 

Many of the salts of zinc are soluble in water. Metallic zinc, oxide 
0 zinc, and the salts, which are insoluble in water, dissolve in hydro- 
C i°L 1,< j aC ^’ .Hydrochloric acid is also the best solvent for precipitated 
su phide of zinc. For blende the best method is first to digest in a 
y^hvided state* with concentrated hydrochloric acid in the heat, 
f nf \hen to a ^d a little nitric acid, chlorate of potassa, or solution of 
m omme in hydrochloric acid. 

Determination . 

of +v^ nC i* S we *#k e d either as oxide or sulphide (§ 77). The conversion 
he salts of zinc into the oxide is effected either by precipitation as 
asic , carbonate or sulphide of zinc, or by direct ignition. Besides these 
gia^metric methods, several volumetric methods are iD use. 

We may convert into 

* Zeitschr. f. anal. Cliem, 7, 112. f lh. 2, 71, 

X Lb. 4,419. §16. 7, 113. 
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1. Oxide op 

a . By Precipitation as carbonate'of zinc. All the salts of zinc which 
are soluble in water, a^id all.rthose with organic volatile acids; also 
those salts of zinc which, insoluble in water, dissolve in hydrochloric 
acid, with separation of their acid. " • J v 

b. By Precipitation as sulphide of zinc* All* Compounds of zinc with- 
out exception. 

c. By direct Ignition. Salts of zinc with Volatile inorganic oxygen 
acids. 

2. Sulphide of zinc : All compounds of zinc without exception. 

The method i, c, is to be recommended only, as regards the more 
frequently occurring compounds of zinc, for the carbonate and the 
nitrate. The methods i, b } or 2, are usually only resorted to in cases 
where i, a, is inadmissible. They serve more especially to separate 
oxide of zinc from other bases. Salts of zinc with organic acids cannot 
be converted into the oxide by ignition, since this process would cause 
the reduction and volatilization of a small portion of the metal. If the 
acids are volatile, the zinc may be determined at once, according to 
method i, a; if, on the contrary, the acids are non-volatile, the zinc is 
best precipitated as sulphide. For the analysis of chromate, phosphate, 
borate, and silicate of zinc, look to the several acids. The volumetric 
methods are chiefly employed for technical purposes ; see Special Part. 

i . Determination as Oxide of Zinc. 

a. By Precipitation as Carbonate of Zinc. 

The best material to use for precipitating in is platinum, porcelain 
may also be employed, but not glass. Heat the moderately dilute 
solution nearly to boiling in a capacious vessel ; add drop by drop car- 
bonate of soda till the fluid shows a strong alkaline reaction ; boil a 
few minutes ; allow to subside, decant through a filter, and boil tho 
precipitate three times with water, decanting each time ; then transfer 
the precipitate to the filter, wash completely with hot water, dry, and 
ignite as directed § 53, taking care to have the filter as clean as prac- 
ticable, before proceeding to incinerate it. To prevent reduction of the 
oxide and volatilization of the metal you may, after removing the pre- 
cipitate as much as possible from the filter, saturate the latter carefully 
with solution of nitrate of ammonia, dry it, and then incinerate it. 
Should the solution contain ammoniacal salts, the ebullition must bo 
continued until, upon a fresh addition of the carbonate of soda, the 
escaping vapor no longer imparts a browjn tint to turmeric paper. If 
the quantity of ammoniacal salts present Is considerable, the fluid must 
be evaporated Jjgk boiling to dryness. It is, therefore, in such cases 
more conveniaJfto precipitate the zinc .-as sulph^e (see b). 

The presence of a great excess of aiiid ii^ihe solution of zinc must 
be as much 6s possible guarded against; tnii <&6"efiervescence from the 
escaping carbonic acid gas may not -'bp- impetuous. The filtrate 
must always 7 b® tested with sulphide' 1 (vdth addition of chloride) of 
ammonium to ascertain 1 whether the whole of the zinc has been preci- 
pitated; the experiment should be done in a flask filled up to the 
neck, and closed. If the process has been properly conducted, no pre- 
cipitate will be obtained here, or the precipitate will be so insignificant 
that it may be altogether disregarded,, being limited to some exceed- 
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ingly slight and imponderable flakes, which moreover make their 
appearance only after many hours' standing. If the precipitate is more 
considerable, however, it must be treated as directed in 6, and the 
weight of the oxide of zinc obtained added to that resulting from the 
first process. For the jfroperties of the precipitate and residue, see 
§ 77. The results are in most cases a little too low, as the precipitation 
is never absolutely complete , and as particles of the precipitate will 
always and unavoidably adhere to the filter, which exposes them to the 
chance of reduction and volatilization during the process of ignition. 
On the other hand, the results are sometimes too high ; this is owing 
to defective washing, as. may be seen from the alkaline reaction which 
the residue manifests in such cases. It is advisable also to ascertain 
whether the residue will dissolve in hydrochloric acid without leaving 
silicic acid ; this latter precaution is indispensable in cases where the 
precipitation has been effected in a glass vessel. 

b. By Precipitation as Sulphide of Zinc. 

Mix the solution, contained in a not too large flask and sufficiently 
diluted, with chloride of ammonium, then add ammonia, till the reaction 
is just alkaline, and then colorless or slightly yellow sulphide of ammo- 
nium in moderate excess. If the flask is not now quite full up to the 
neck, make it so with water, cork, allow to stand 12 to 24 hours in a 
warm place, wash the precipitate, if considerable, first by decantation, 
then on the filter with water containing sulphide of ammonium and also 
less and less chloride of ammonium (finally none). If the sulphide of zinc 
is to be weighed as such, substitute nitrate of ammonia for the chloride. 
In decanting do not pour the fluid through the filter, but into a flask. 
After thrice decanting, filter the fluid that was poured off, and then 
transfer the precipitate to the filter, finishing the washing as directed. 
The funnel is kept covered with a glass plate. If the zinc is not to be 
determined according to 2, then put the moist filter with the precipitate 
in a beaker, and pour over it moderately dilute hydrochloric acid 
slightly in excess. Puf the glass now in a warm place, until the solu- 
tion smells no longer of sulphuretted hydrogen ; dilute the fluid with a 
little water, filter, wash the original filter with hot water, and proceed 
with the solution of chloride of zinc obtained as directed in a. 

From a solution of acetate of zinc the metal may be precipitated 
completely, or nearly so, with sulphuretted hydrogen gas, even in 
presence of an excess of acetic acid, provided no other acid be present. 
(Expt. No. 66). The following method also effects a practically com- 
plete precipitation of zinc from acid solution. Add carbonate of soda, 
at hist drop by drop till a lasting precipitate forms, dissolve the latter 
hy a drop of hydrochloric acid, pass sulphuretted hydrogen till the 
precipitatq$eases to ind^^. perceptibly, add acetate of soda, and again 
pass thfc gas. Afte^ : 3w^jup^- with water containing sulphuretted 
hydrogen (which when Jfcp sulphide of zinc had been thrown down by 
sulphuretted hydrogen .^pa ; .^C6tio acid solution, is easily done), treat 
85 above directed. Small q vsnt daps of sulphide of zinc may also be 
converted directly into' the oxide, by heating in an open platinum 
crucible to gentle redness at first,, then, after some time, to most intense 
redness. ' f 

c * By direct Ignition, 

The salt is exposed, in a covered platinum crucible, first to a gentle 




a contains concentrated sulphuric acid, 6, chloride of calcium. Tho 
porcelain crucible has a perforated porcelain or platinum cover, into 
the opening of which fits the porcelain or platinum tube, d. The latter 
is provided with an annular projection which rests on the cover, the 
tube itself extends some distance into the crucible. When the sulphide 
of zinc has dried in the filter, it is transferred to the weighed porcelain 
crucible, the filter ash is added, powdered sulphur is sprinkled over tho 
contents of the crucible, the cover is placed on, and hydrogen is passed 
in a moderate stream, a gentle heat is applied at first, which is after- 
wards raised to intense redness; finally, the crucible is allowed to 
cool with continued transmission of the gas, and the sulphide of zinc 
is weighed. 

Instead of the above apparatus, which is not at every analyst’s 
disposal, any apparatus may of course be used which allows the current 
of gas to be regulated, such as that figured p. 159 of the “ Qualitative 
Anabps” (9th edition). An evolution apparatus, in which the current 
is n|j under control, is not so suitable. In default of a perforated 
crucible lid and porcelain tube you may use a short tobacco-pipe, the 
bowl of which fits exactly in a small porcelain crucible. 

Sulphate, carbonate, and oxide of zinc, may also be converted into 
sulphide, as' above. They must be mixed with excess of sulphur, or 
loss will be sustained, owing to the reducing action of the hydrogen 


* Pogg. Annal. no, 128. 
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upon oxide of zinc. Sulphate of zinc is best ignited with access of air 
before being mixed with sulphur and ignited in hydrogen (H. Rose) ’ 
The properties of the hydrated and anhydrous sulphide of zinc are 
given in § 77 ; the results are accurate. Loss occurs only when the igni- 
tion is performed over the gas blowpipe (which is quite unnecessary) 
and continued longer than five minutes. Compare p. 129. ' 

§ 109. 

2. Protoxide op Manganese. 

a. Solution . 

Many of the salts of protoxide of manganese are soluble in water. 
The pure protoxide, and those of its salts which are insoluble in that 
menstruum, dissolve in hydrochloric acid, which dissolves also the higher 
oxides of manganese. The solution of the higher oxides is attended 
with evolution of chlorine— equivalent in quantity to the amount of 
oxygen which the oxide under examination contains, more than the 
protoxide of manganese— and the fluid, after application of heat, is 
found to contain protochloride of manganese. 

b. Determination. 

Manganese is weighed either as protosesquioxide, as sulphide, as proto- 
sulphate, or as pyrophosphate (§ 78). Into the form of protosesquioxide 
it is converted either by precipitation as carbonate, or as hydrated 
protoxide, sometimes preceded by precipitation as sulphido of man- 
ganese, or as binoxide of manganese ; or, finally, by direct ignition. 
Manganese may be determined volumetrically in three different ways. 

. 0 ^ rst 1S applicable to any solution of protoxide of manganese, pro- 
vided it be free from any other substance which exerts a reducing 
action on alkaline solution of ferricyanide of potassium. The second 
requires the absence of sesquioxide of iron. The third is only admis- 
sible when we have manganese in the condition of a perfectly definite 
higher oxide, and free from other bodies, which evolve chlorine on 
boiling with hydrochloric acid. 

We may convert into 

1. Protosesquioxide op manganese: 

a. By Precipitation as carbonate of manganese. All the soluble salts 
manganese with inorganic acids, and all its salts with volatile organic 
1 , °> those of its salts which, insolublo in water, dissolve in 
fi » 0nG separation of their acid. 

• Dy Precipitation as hydrated protoxide of manqanese. All the 
compounds of ‘manganese named under a. 

c - By Precipitation as sulphide of manqanese . All compounds of 

manganese without exception. 

m ‘ Separation as binoxide of manganese. All compounds of 
°^ a ?. ese a slightly acid solution, especially acetate and nitrate of 
protoxide of manganese. * J 

of m ^ ^ reci /gnitiori. All oxygen compounds of manganese ; salts 
anganese with readily volatile oxygen acids, and with organic acids. 

e xceptio ULPHIDB MANGANESE • -All compounds of manganese without 
3 * Sulphate op manganese : All the oxides of manganese, and 



202 DETERMINATION. [§ 109. 

likewise all its salts with i volatile acids, provided no non-volatile sub-? 
stance be present. 

4. Pyrophosphate qf manganese: All salts of manganese soluble 
in water, and other f^ts whose acid may be removed by solution in 
acid. 

The method 1, e, is simple and accurate,' but seldom admissible. 
The method 1, a } is the most usually employed} if one’s choice is free, 
it is to be preferred to 1, b. The methods 1, c, and 2, are generally 
used when the methods 1, a, or 6, cannot be adopted — say on account 
of the presence of a non-volatile organic substance, and also when we 
have to separate manganese from other metals. The latter object may 
be attained also by the method 1, d. The process 3, is sometimes con- 
venient, but it yields only approximate results. The method 4, has 
been much recommended recently; it is quickly executed, but only 
yields satisfactory results when the solubility of the phosphate of am- 
monia and manganese is taken into account. The phosphate and borate 
of manganese are treated according to the method 2, or in the first 
case, the method 4. In silicates the manganese is determined after the 
separation of the silicic acid (§ 140), according to 1, a; for the analysis 
of chromate of manganese, see § 130. The two first volumetric methods 
are especially suited for technical work, in which the highest degree of 
accuraoy is not required. The estimation of manganese from the 
quantity of chlorine disengaged upon boiling the oxides with hydro- 
chloric acid, is resorted to, more particularly, to determine the oxides of 
manganese, and permits also the estimation of manganese in the pre- 
sence of other metals (see Section V.). 

1. Determination as Protosesquioxide of Manganese . 

a. By Precipitation as Carbonate of Protoxide of Manganese . 

The precipitation and washing are effected in exactly the same way 
as directed § 108, 1, a; a platinum or porcelain dish being used for the 
former. As the filtrate and washings (which sometimes show a slight 
turbidity) are never quite free from manganese, evaporate both in 
platinum or porcelain to dryness, treat the residue with boiling water, 
collect the undissolved flocks of hydrated protosesquioxide of manganese 
upon a separate small filter and wash with hot water. Now dry the 
two filters and ignite according to § 53, exhaust the resulting protoses- 
quioxide of manganese repeatedly with boiling water, pouring off the 
water on to a small filter, incinerate this filter on a platinum wire or a 
crucible lid, put the ash in the crucible, and ignite strongly with the 
lid off in a good oxidizing flame, keeping reducing gases out of the 
crucible, till the weight is constant. For properties of the precipitate 
and residue, see § 78. When executed as directed, the method gives 
good results. IJLyou neglect the small qmntity of manganese in the 
filtrate, or. if JwVeigh the residue witj^uyi,; exhausting with water, 
although the two errors tend to neutralize^#® other, still you cannot 
expect other than approximate results. /, weighing take the residue 

out of the platinum crucible, and see if it will dissolve in hydrochloric 
acid without leaving silica. 

b. By Precipitation as Hydrated Protoxide of Manganese. 

The solution should not be too concentrated, and it is best to have 
it in a platinum dish; porcelain may be used, but not glass. Precipi - 
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tate with pure soda or potassa, and proceed in all other respects as in a. 
For the properties of the precipitate, see § 78. For the accuracy of the 
method and the testing of the residue, see a. 

c. By Precipitation as Sulphide of Manganese 

See 2. 

d. By Separation os' Binoxide of Manganese. 

Heat the solution of the acetate of manganese or some other 
compound of the protoxide containing but little free acid, after addi- 
tion of a sufficient quantity of acetate of soda, to from 50° to 6o°, and 
transmit chlorine gas through the fluid, or add bromine (Kammerer* 
WAAGEf). The manganese falls down as binoxide (Schiel, — Rivot, 
Beudant, and Daguin). Presence of ammonia salts may render the 
precipitation incomplete. Wash, first by decantation, then upon the 
filter, dry, transfer the precipitate to a flask, add the filter ash, heat 
with hydrochloric acid, filter, and precipitate as directed in a. If the 
proportion between the acetate of soda and the free acid (especially 
if it be hydrochloric acid) is incorrect, it may happen that the pre- 
cipitation of the manganese by chlorine is not quite complete, it is 
therefore well, after filtering off the peroxide, to add more acetate of 
soda to the filtrate, and again treat with chlorine or bromine. If the 
filtrate is pink from permanganic acid, add alcohol and heat to throw 
down the small remainder of the manganese. It is impossible to convert 
the precipitated peroxide into protosesquioxide directly by ignition, as 
the residue so obtained is full of alkali, and cannot be purified’ by 
washing. . The separation of manganese as binoxide, by evaporating its 
solution in nitric acid to dryness, and heating the residue, finally to 
i 55 °> is given in Section V. 

e. By direct Ignition. 

The manganese compound under examination is introduced into a 
platinum crucible, which ‘is kept closely covered at first, and exposed to 
a gentle heat; afte£,*a|ime the lid is taken off, and replaced loosely on 
the crucible, and the heat is increased to the highest degree of intensity, 
with careful exclusion of reducing gases ; the process is continued until 
the weight of the residue remains constant. The conversion of the 
higher oxides of manganese into protosesquioxide requires more pro- 
tracted and intense heating than the conversion of the protoxide. In 
act, it can hardly be effected without the use of a gas blowpipe, 
i 6 ? 06 such cases it is best to convert into sulphide by adding 
phur, and igniting in hydrogen, see 2.) In the case of salts of 
anganese with organic acids, care must always be taken to ascertain 
u ^ther the whole of the carbon has been consumed ; and should the 
contrary turn out to be the case, the residue must either be dissolved in 
ydrochloric aoid, and th^solution precipitated, &c., as directed in a, 

1 it must be repeatedly ff^^rated with nitric acid, until the whole of 
le car hon is oxidizea! method, if properly executed, gives 
atf Ur ? a resu ^ s * On the othirhand, if the directions are not carefully 
ended, to, one must not be surprised at considerable differences. In 
e ignition of salts of manganese with organic acids, there is a trifling 
ss S en erally, f rom the reasons stated, § 104, 3. 

* Ber. der deutsch. Chem. Gesellsch. 4, 218. 
t Zeitschr. f. anal. Chem. 10, 206. 
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2. Determination as Sulphide of Manganese . 

The precipitation of manganese as sulphide may be effected in two 
different ways; the second is to be preferred when it is desired to 
complete the operation with comparative rapidity. 

a. The solution contained in a comparatively small flask and not too 
dilute is first mixed with chloride of ammonium (if an ammonia salt is 
not already present in sufficient quantity); then — if the fluid is acid— 
with ammonia, till it reacts neutral or very slightly alkaline : now add 
yellowish sulphide of ammonium in moderate excess, if the flask is not 
already quite full up to the neck, add water till it is, cork, stand it in a 
warm place (for at least twenty-four hours) till the supernatant fluid is 
perfectly clear, wash the precipitate if at all considerable, first by de- 
cantation, then on the filter, using water containing sulphide of ammo- 
nium, and also gradually diminished quantities of chloride of ammonium 
(finally none). In decanting, pour the fluid in a flask, not on the filter. 
After decanting three times, filter the fluids that have been poured off, 
transfer the precipitate to the filter, and finish the washing as above 
directed, without interruption. Keep the funnel covered with a glass plate. 

b. Neutralize the fluid with ammonia, boil, add sulphide of ammo- 
nium, boil for ten minutes, allow to cool a few degrees, add more 
sulphide of ammonium (the fluid should now smell of the latter), and 
filter through a double filter. If the filtrate is turbid, pour it back 
till it runs through clear (R. Finkener*). The sulphide of man- 
ganese often separates from the boiling fluid in the anhydrous state, 
and with a green color, especially in the absence of much ammonia salt, 
and the presence of much free ammonia ; wash with water containing a 
little sulphide of ammonium. 

The washed sulphide of manganese was formerly dissolved in 
hydrochloric acid, and reprecipitated according to i, a ; but it is much 
quicker to dry it, and ignite it strongly with the filter ash and some 
sulphur in a current of hydrogen till it becomes black, weighing as 
anhydrous sulphide (H. RosEf), see the corresponding process for 
zinc, § to8, 2. For the properties of the precipitate and residue, and 
the circumstances which promote or hinder the precipitation, see 
§ 78, e. The results obtained by Oesten, and adduced by Rose, are 
entirely satisfactory. Equally good results have been obtained by 
myself. When the process has been properly conducted none but the 
most insignificant traces of manganese will be found in the filtrate 
from the sulphide. Tartaric acid retards the precipitation, but does 
not render it less complete ; citric acid prevents the precipitation, or at 
least makes it quite imperfect. 

The sulphate and all the oxides of manganese may also be con- 
verted into the sulphide by ignition with sulphur in a current of 
hydrogen. 

3. Determination as Sulphate of Manganese* 

The same method as in the case of magnesia under the same cir- 
cumstances; see § 104, 1. Care must be taken to avoid too great an 
excess of sulphuric acid, and to expose the residue to a faint red heat 
only. For the properties of the residue, see § 78. If accurate results 
are obtained, it is only by chance ; as, if we heat gently, the weight is 

* Handb. d. anal. Chem. von H. Rose, 6. Aufl. von Finkener, page 9 2 S* 
f Pogg Annal. no, 122. 
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generally too high ; if we heat more strongly, it is generally too low 
from the volatilization of sulphuric acid (II. Hose*). To obtain satis- 
factory results, convert the sulphate into sulphide, as in 2. 

4. Estimation as Pyrophosphate of Manganese (W. GiBBsf). 

It is best to use a platinum dish for the precipitation ; porcelain may 
be used, but not glass. To the solution add phosphate of soda in large 
excess, then hydrochloric acid to redissolve the precipitate, heat to 
incipient ebullition, add .ammonia in excess, and boil ten or fifteen 
minutes ; the precipitate is phosphate of manganese and ammonia, and 
it is crystalline ; keep it in contact with the fluid for an hour, main- 
taining the latter nearly at a boiling temperature, filter, wash (accord- 
ing to Gibbs) with boiling water, ignite and weigh the pyrophosphate 
of manganese. 

According to my experience it is better to filter with suction, so as 
to use as little water as possible,, and to wash with cold instead of 
boiling water (§ 78). Accurate results cannot be got unless you 
evaporate the filtrate and washings to dryness, dissolve the residue in 
hydrochloric acid and water, boil, and add ammonia, &c. ; i.e., unless 
you repeat the above process to precipitate and determine the small 
remainder of manganese, which generally amounts to between two and 
four milligrammes. 

If the precipitate turns dark red on the filter, it was not completely 
converted into the ammonia salt, and it must then be dissolved in 
hydrochloric acid, and subjected again to the process of precipitation 
with addition of more phosphate of soda. 

5. Volumetric Methods of estimating Manganese. 

a. Determination by the Reduction of Ferricyanide of Potassium (E. 
LenssenJ). 

The method is grounded on the fact that if a solution of protoxide 
of manganese which contains 1 eq. Fe 2 0 3 to 1 eq. MnO, is acted on by 
excess of alkaline solution of ferricyanide of potassium at a boiling 
temperature, all the manganese is precipitated as bin oxide, while a 
corresponding quantity of ferrocyanide of potassium is formed. By 
determining the latter, the amount of manganese present is obtained. 

K 3 Cy fl Fe 2 + 2KO + MnO,SO a = 2K 2 Cy 3 Fe + KO,SO s + MnO s . 

Accordingly 1 eq. manganese gives rise to 2 eq. ferrocyanide of 
potassium. Of course all other reducing substances must be absent, 
and the manganese must be present entirely in the form of proto-salt. 
If the solution contains no sesquioxide of iron, the precipitate is a com- 
bination of much binoxide, with little protoxide, not always in the 
same proportions. In performing the process, mix first with the acid 
solution of protoxide of manganese so much sesquichloride of iron that 
you may be sure of having at least 1 eq. Fe 2 0 3 to 1 eq. MnO, and add 
the mixture gradually to a boiling solution of ferricyanide of potassium, 
previously rendered strongly alkaline with potassa or soda. After 
boiling together a short time the brownish-black precipitate becomes 
granular and less bulky. Allow to cool completely^ filter off and wash 
the precipitate, acidify the filtrate with hydrochloric acid, and estimate 

* F°gg. Annal, no, I2jj. + Sillim. Amer. Journ. (ii.), 44, «l6. 

$ Joum. f. prakt. Chem. 80, 408. 
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the ferrocyanide of .^potassium with permanganate, according to § 147 
II., g. If the li<juid { is filtered hot, the results are too high, as the 
filter in this case has a reducing action. The method may be shortened, 
as follows : After boiling, transfer the > solution, together with the pre- 
cipitate, to a measuring flask, allow tfp C09I, fill up to the mark with 
water, shake, and allow to settle. Filter through a dry filter, take out 
a certain quantity with a pipette, and determine the ferrocyanide in 
this. A slight source of error is here introduced by disregarding the 
volume of the precipitate. The results adduced by Len$sen are very 
satisfactory. I have myself repeatedly tested this method, and I have 
to remark as follows : — a. If ferricyanide of potassium is long boiled 
with pure potassa, a small quantity of ferrocyanide is invariably pro- 
duced. b. The potassa must be quite free from organic substances, 
and should therefore, if there is any doubt on this point, be fused in a 
silver dish before use, otherwise the error alluded to in a may be con- 
siderably increased, c. The complete washing of the voluminous pre- 
cipitate is attended with so much difficulty and loss of time as to render 
the method more troublesome than a gravimetric analysis, d. The 
abridged method, on the other hand, may be of great service in certain 
cases, especially when a series of manganese determinations have to be 
made, the manganese not being in too minute quantities, and the 
highest degree of accuracy not being required. In my laboratory, by 
employing a slight excess of sesquioxide of iron, 97*9 — 100*12 — 98*21— 
98*99, and 100*4 were obtained .instead of 100. The inaccuracy in- 
creases on using a large excess of the iron.* 

b. Estimation by precipitating the Manganese with Permanganate oj 
Potassa (A. GuYARnf ). 

If a solution of permanganate of potassa acts on a dilute neutral or 
barely acid solution of manganese at 8o°, the whole of the manganese 
both in the original solution and in the precipitant is thrown down as 
3MnO,Mn a O y + 5HO or (divided by 5) MnO a HQ. The end of the 
reaction is evidenced by the pink coloration of the fluid. The perman- 
ganate solution is standarized by iron or by manganese. 

Dissolve from x to 2 grm. of the substance in aqua regia, boil for a 
short time to convert all the manganese into protochloride, nearly 
neutralize with an alkali, dilute largely with boiling water ( 1 or 2 
litres), raise to a temperature of 8o° and maintain at this point while 
you are adding the standard solution of permanganate of potassa. A 
brown flocculent precipitate forms immediately* Allow it to settle from 
time to time and conclude the operation as soon as the fluid shows a 
distinct red color. 

The critical examination of the method undertaken inmy laboratory 
by R. Habich,J led to the following conclusions : a. The results are 
accurate ip nedtral solutions, b. A very small quantity of free sulphuric 
acid distinctly increases the amount of permanganate required; but the 
results are still good enough for technic^l^purposes. c. A larger 
quantity of free sulphuric acid prevenjjs;the reaction altogether, d. 
Free hydrochloric acid acts like sulphuric acid, but with greater power 
(its influence may be destroyed by the addition of finely divided oxide 
of mercury, Wxnkler§). e. The method is useless in the presence 

* Zeitschr. f. anal. Chem. 3, 209. + Chem. News, 1863, 292. 

X Zeitschr. f. anal. Chem. 3, 474. § 16 . 3, 423. 
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of sesquioxide of iron or sesquioxide of chromium. /. The other condi- 
tions being satisfied, the presence of nickel, cobalt, zinc, alumina, or 
lime does not interfere with the results. 

c. Determination by boiling the higher oxides with hydrochloric acid , 
and estimating the chlorine eMved, 

The methods here employed will be found all together in the Special 
Part under “ Valuation of Manganese Ores.” 

§ no. 

3. Protoxide of Nickel. 

a. Solution . 

Many of the salts of protoxide of nickel are soluble in water. Those 
which are insoluble, as also the pure protoxide, in its common modifica- 
tion, dissolve, udthout exception, in hydrochloric acid. The peculiar 
modification of protoxide of nickel, discovered by Genth, which 
crystallizes in octahedra, does not dissolve in acids, but is rendered 
soluble by fusion with bisulphato of potassa. Metallic nickel dissolves 
slowly, with evolution of hydrogen, when warmed with dilute hydro- 
chloric or sulphuric acid ; in nitric acid, it dissolves with great readiness. 
Sulphide of nickel is but sparingly soluble in hydrochloric acid, but it 
dissolves readily in nitrohydrochloric acid. Peroxide of nickel dis- 
solves in hydrochloric acid, upon the application of heat, to proto- 
chloride, with evolution of chlorine. 

b. Determination . 

Nickel is weighed as protoxide, or as metal : occasionally as the 
anhydrous sulphate (§ 79). The compounds of nickel are converted 
into the protoxide, Usually by precipitation as hydrated protoxide, ’ 
preceded, in some instances, by precipitation as sulphide of nickel, or 
by ignition. Nickel may also be estimated volumetrically. 

We may convert into 

1. Protoxide of nickel. 

a. By Precipitation as Hydrated Protoxide of Nickel. All the salts of 
nickel with inorganic acids which are soluble in water, and all its salts 
with volatile organic acids ; likewise all salts of nickel which, insoluble 
in water, dissolve in the stronger acids, with separation of their acid. 

b. By Precipitation as Sulphide of Nickel . All compounds of nickel 
without exception. 

c. By Ignition . The salts of nickel with readily volatile oxygen 
acids, or with such oxygen acids as are decomposed at a high tempera- 
ture (carbonic acid,, nitric acid). 

2. Metallio nickel : Protoxide of nickel (and all the compounds 
Mentioned under 1' a f $, &nd c), also the compounds with chlorine, 

bromine, and iodine. 

3- Sulphate of NiUk^V Salts of nickel, whose acids are entirely 
Expelled by heating and evaporating with sulphuric acid. 

The methods of preparing metallic nickel, by simply igniting the 
protoxide, and by igniting pure nickel compounds in a current of 
hydrogen, are extremely accurate, but not always applicable. The 
uiethod i, a, is most commonly employed, sometimes in combination 
Wl th 2. In the presence of sugar, or other non-volatile organic sub- 
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stance, it cannot be used. In this case we must either ignite and thereby 
destroy the organic matter before preoipitating, or we must resort to 
the method i, 6, which otherwise is hardly used except in separations. 
The conversion into sulphate of nickel is quickly executed, but the 
results are entirely trustworthy only where the greatest care is taken. 
The combinations of the protoxide of nickel with chromic, phosphoric, 
boracic, and silicic acids are analysed according to the methods given 
under the several acids. The volumetric methods are rarely worth 
using, and in point both of simplicity and exactness leave much to be 
desired. 

i. Determination as Protoxide of Nickel. 

a. By Precipitation as Hydrated Protoxide of Nickel. 

Mix the solution with puro solution of potassa or soda in excess, 
heat for some time nearly to ebullition, decant four times, boiling up 
each time, filter, wash with hot water, dry and ignite strongly, avoiding 
the action of reducing gases (§ 53). The precipitation is best effected 
in a platinum dish; in presence of nitrohydrochloric acid, or, if the 
operator does not possess a sufficiently capacious dish of the metal, in a 
porcelain dish; glass vessels do not answer the purpose so well. 
Presence of aminoniacal salts, or of free ammonia, does not interfere 
with the precipitation. For the properties of the precipitate and 
residue, see § 79. This method, if properly executed, gives very 
accurate results. The thorough washing of the precipitate is a most 
essential point. It is necessary also to ascertain whether the residue 
has not an alkaline reaction, and whether it dissolves completely in 
hydrochloric acid. 

b. By Precipitation as Sulphide of Nickel . 

This requires the greatest care and attention. The best way is to 
proceed according to one of the three subjoined methods.* 

a. The moderately dilute cold solution of nickel contained in a 
proper-sized flask is, if necessary, neutralized with ammonia (the 
reaction should be rather slightly acid than alkaline) ; chloride of am- 
monium is added, if it, or some other ammonia salt of similar action, 
such as the acetate, is not already present in sufficient quantity, and 
then hydrosulphate of sulphide of ammonium, as long as a precipitate 
is produced. The NH 4 S,HS should be perfectly saturated with HS, it 
may be colorless or light-yellow. A large excess of the reagent must 
be avoided. After mixing, fill the flask with water up to the neck, 
cork, and allow to stand about twenty-four hours without warming, 
but in a moderately warm place. The precipitate has now settled, and 
the clear supernatant fluid is colorless or slightly yellow. Decant, 
filter, and wash as described in the case of sulphide of manganese 
(§ 109, 1, c). Filtrate and wash-water must be colorless or slightly 
yellow. Dry the precipitate in the funnel, and transfer as completely 
as possible from the. filter, to a beaker; the filter is incinerated in » 
coil of platinum wire, or upon the lid of a crucible, and the ash added 
to the ary precipitate. The precipitate is now treated with concentrated 
nitrohydrochloric acid, and the mixture digested at a gentle heat, until 
the whole of the sulphide of nickel is dissolved, and the undissolve 
sulphur appears of a pure yellow, hydrochloric acid is added and the 

# Another method— with hyposulphite of soda— is given, p. 134* 
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fluid is evaporated to drive off the nitric acid, it is then diluted, filtered, 
and the filtrate precipitated, as directed in a. For the properties of 
the precipitate, see § 79. The method, if properly executed, gives 
accurate results. If the solution contains free ammonia, or no salt 
of ammonia, the fluid filtered off from the sulphide of nickel possesses 
always a more or less brownish tint, and contains sulphide of nickel 
(§ 78, e), which must be regained by acidifying with acetic acid and 
boiling. If the precipitate is not washed as directed, some nickel is 
very likely to pass through with the wash-water. If the filter were 
not incinerated, but treated at once, together with the precipitate, with 
nitrohydrochloric acid, the solution of the sulphide of nickel would 
contain organic substances, and soda or potassa would accordingly 
afterwards fail to effect the complete precipitation of the nickel. 

/3. Mix the slightly acidified solution of nickel with bicarbonate of 
ammonia, so that the free acid may be neutralized, find the solution 
may contain a small excess of the bicarbonate of ammonia, together 
with free carbonic acid, and then pass hydrosulphuric acid gas. Pre- 
cipitation will promptly ensue. Filter, and treat the precipitate as in a. 

y. To the solution of nickel add ammonia to alkaline reaction, then 
a tolerably large quantity of acetate of soda or ammonia, and sulphide 
of ammonium in good excess, then acetic acid to strong acid reaction, 
and boil. The precipitate settles well and is treated as in a. Test the 
filtrate by neutralizing with ammonia and adding sulphide of am- 
monium. If it turns black, acidify with acetic acid and warm to throw 
down the remainder of the nickel. It is not advisable to attempt to 
weigh the sulphide of nickel as such by ignition in hydrogen. 

c. By Ignition. 

Proceed as for manganese, § 109, 1, e. 

2. Estimation as metallic Nickel. 

Ignite the oxide or chloride to be reduced in a tall and narrow 
porcelain crucible in a slow stream of hydrogen (§ 108, 2), at first 
gently, then more strongly till the weight is constant. For properties 
of the residue, see § 79, c. If on dissolving the metal in nitric acid 
any silica remains, this must be weighed and deducted. 

3* Estimation as sulphate of Nickel. 

The nickel solution should be free from other non-volatile salts. 
Evaporate with a slight excess of pure sulphuric acid in a platinum 
dish to dryness and heat for 15 or 20 minutes moderately, so as just to 
drive off the excess of sulphuric acid without blackening the yellow 
sulphate at the edges. It is difficult to be sure of hitting the exact 
point, hence we cannot place dependence on this method nor on that of 
Ctibbs, which consists in dissolving the sulphide in nitric acid and 
evaporating the solution with sulphuric acid. For the properties of 
the residue, see § 79, 

4 . Estimation of Nickel%ohmetrically. 

Kunzel* precipitates with sulphide of sodium, using nitroprusside 
°t sodium or ammoniacal solution of silver as indicator of the excess of 
the reagent. WicKEf and FleischebJ precipitate as sesquioxide by 
boiling with hypochlorite of soda and caustic soda and determine the 

# Zeitschr. f. anal. Chem. 2, 373. + lb. 4, 424. t lb. io, 219. 
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precipitate by its .oad<Hzmg action on arsenions acid or protoxide of 
iron. Fr. Mohr* by its action on iodide of 
potassium. GiBBst, ' . acid and alcohol and 
determines the oxalic aoid r m ; ItJte 5 with permanganate of 

potash. * ’ ■**', t>V;, • 

§ Hi. 

4. Protoxide of Cobalt. 

a. Solution. 

Protoxide of cobalt and its compounds behave with solvents like the 
corresponding compounds of nickel ; metallic cobalt like metallic nickel. 
The protosesquioxide of cobalt obtained by Sciiwarzenberg in micro- 
scopic octahedra does not dissolve in boiling hydrochloric acid, 01 nitiic 
acid, or ni trohydrochloric acid j but it dissolves in concentrated sul- 
phuric acid, and in fusing bisulphate of potassa. 

b. Determination. 

Cobalt is determined in the metallic state or as sulphate, being 
usually first precipitated as hydrated protoxide, sulphide or nitrite of 
sesquioxide of cobalt and potassa. Cobalt may also be determined 
volumetrically. 

We may convert into 


1. Metallic cobalt: < # 

a. By direct reduction. All salts of cobalt, which can be immediately 
reduced by hydrogen (chloride, nitrate, carbonate, &c.). 

b. By precipitation as hydrated protoxide. All salts soluble in watei 
with inorganic acids, and insoluble salts whose acid may be remove* 
by solution. All salts with volatile organic acids. 

c. By precipitation as sulphide. All compounds of cobalt withou 

exception. . 

d. By precipitation as nitrite of sesquioxide of cobalt and potassa . Ai 
compounds of cobalt soluble in water or dilute acetic acid. 


2. Sulphate of cobalt: \ 

a. By simple evaporation and ignition.— The oxygen compounds 0 
cobalt and all the salts, whose acids may be completely expelled by 
evaporation and ignition with sulphuric acid. 

b. By precipitation as sulphide . — All compounds of cobalt withou 

exception. v 1. 

The method 1, a, is preferable to all others when it ffcn be applied , 
it is quick and gives exact results. The method pfb, gives bettei 
results than it used to be credited with. The difect conversion ot 
suitable cobalt compounds into sulphate is also quite satisfactory, the 
precipitations as sulphide and as nitrite of; sesquioxide of cobalt an 
potassa are rarely used except in separat£<m&; The volumetric metho 
are more adapted for technical than for s 


i purposes. 


i*i 


:: Estimation as metallic Cobalt, 




a. By direct reduction. ? . . , 

Evaporate the solution of chloride, or nitrate of cobalt (which mu 
be free from Bulphuric acid and alkali), in a weighed crucible, to ai) 


* His, Lehrbuch der Titrirmethode. 

t Zeitschr. f. anal. Chem. 259. 
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ness, cover the'* crucible with a lid having a small aperture in the 
middle, conduct through this a moderate current of pure dry hydrogen, 
and then apply a gentle is to be increased gradually to 

intense redness. Wheri^W^ is considered complete, allow to 

cool in the current of hydrogen, and weighs ignite .again in the same 
way and repeat the process until the weight remains constant. The 
results are accurate. For the properties of cobalt, see § So. 

As regards the apparatus to be employed, see § 108, 2. 

b. By 'precipitation as hydrated protoxide . 

The beet material for the precipitating vessel is platinum, porcelain 
may also be used, but not glass. First remove any large excess of acid 
which may be present by evaporation. Heat nearly to boiling, add 
pure potash in slight excess, and continue heating till the precipitate is 
brownish-black. Pour the supernatant fluid through a filter, wash the 
precipitate by decantation with boiling water repeatedly, transfer it to 
the filter, and continue the washing with boiling water till the wash- 
ings are free from any trace of dissolved substance. Dry, ignite in a 
porcelain crucible (§52) till the filter is thoroughly burnt, reduce in a 
current of hydrogen, wash 1 the metal several times with boiling water, 
dry, ignite again in hydrogen and weigh. Test the weighed cobalt by 
dissolving in nitric acid. If any silica remains, this must be weighed 
and deducted. Mix the solution with chloride of ammonium and car- 
bonate of ammonia, if a small precipitate (alumina or a trace of sesqui- 
oxide of iron) forms, weigh this too and deduct it. The results are 
excellent ; the amount of alkali which remains with the metal when 
the work is done properly being exceedingly minute. Compare § 80, a. 

c. By precipitation as sulphide. 

Put. the solution in a flask, add chloride of ammonium, then am- 
monia just in excess, then sulphide of ammonium as long as a precipi- 
tate is produced, fill up to the neck with water, cork and allow to stand 
12 or 24 hours in a warm place. Decant, filter, and wash as directed 
§109, 2. Finally, dry and proceed as directed § no, b , a , to re- 
dissolve the cobalt: Determine the cobalt according to b. There are 
sources of error in the precipitation with sulphide of ammonium, 
tor the properties of the sulphide of cobalt, see § 80. It cannot be 
brought into a weighable form by ignition in hydrogen, as the residue 
a variable mixture of different sulphides (H. Hose). Cobalt may 
^ so be thrown down as sulphide by the other methods given under 
of ^ n' k 1 ^ orou £h precipitation of cobalt is much easier than that 

Jp By precipitation as niprite of sesquioxide of cobalt and potassa. 
to the moderately concentrated solution of the cobalt salt add pot- 
1 ln e *cess, then acetip|W2ld till the precipitate is just redissolved, 
on a concenirated^lu ^j^ ^Mtrite of potash previously just acidified 
1 b acetic acid, and alldw^S^Stand 2 4 hours at a gentle heat. Jfilter, 
ash with solution of toetaieor ^>ota^(x in 10) containing some nitrite 
^potash till all foreign sdbetances are removed, dry, dissolve with the 
t er ash in hydrochloric aci^ filter and determine the cobalt according 
h o . This method was introduced by A. Stromeykr the present 
°fiincation» fast suggested by H. Rose, and improved by Fr. Gauhe, 

* Annal. d. Chem. u. Pharm. 96, 218. 
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is the surest to yield good results (Qache*). For the properties of the 
precipitate, see § 80, e'. 

2. Estimation as sulphate. 

a . By direct conversion . 

If tjie solution contains a volatile acid, add a slight excess of sul- 
phuric acid. Evaporate, using a platinum dish or platinum crucible, at 
all events, to finish the operation. Heat the residue cautiously over 
the lamp, gradually increasing the temperature to dull redness, and 
maintain at this point for 15 minutes. Should the edges blacken, 
moisten with dilute, sulphuric acid, dry, and ignite again with greater 
caution. Properties of the precipitate, § 80. Results quite satis- 
factory/!* 


b. With previous precipitdton as sulphide. 

Precipitate the cobalt as sulphide according to 1, c, dissolve it as 
directed, evaporate with excess of sulphuric acid in a porcelain dish to 
dryness, take up the residue with water, transfer the solution to a 
weighed platinum dish and proceed according to 2, a. 

3. Volumetric Methods of estimating Cobalt. 

1. After Cl. Winkler* 

Principle.— If a solution of chloride of cobalt is mixed with finely 
divided oxide of mercury shaken up with water (§ 60, 4), no decom- 
position takes place, and no oxide of cobalt is thrown down ; but i 
now a solution of permanganate of potassa is added, hydrated binoxiuo 
of manganese and hydrated sesquioxide of cobalt are precipitated 
(6C0CI + 5 HgO + 1 1 HO - K 0 ,Mn 2 0 7 = 3 [Co^O^HO] + 2 [MnO,, HO + 

5HgCl + KCl). This equation, however, does not exactly express the 
change which occurs, as a constant proportion of hydrated protoxide of 
cobalt falls down with the sesquioxide; or it may be that the cobalt 
precipitate is a definite compound intermediate between the sesqm- 
oxide and the protoxide. Hence the permanganate of potassa must )e 
standardized with cobalt solution, and not with protoxide of iron, or 
oxalic acid. 

Execution. — Dissolve from *i to '2 grm. pure metallic cobalt? in 
warm hydrochloric acid, transfer to a 300 c.c. stoppered bottle, duu e 
to 200 c.c., add excess of oxide of mercury shaken up with water, and 
then, the fluid being cold, titrate with permanganate of potassa (5 or 
6 grm. pure salt in 1 litre), shaking constantly, till the fluid in wine m 
the brown precipitate is suspended remains red. At first it is hard 0 
see the color of the fluid, towards the end the precipitate settles better, 
and the color is distinct enough. Addition of more oxide of mercury 
helps the precipitate to disposit. The color gradually goes awa ^ 
long standing, which must not bo forgotten. The c.c. of permangana 


' * Zeitachr. f . anal. Chem. 4, 60. 

, + Compare Gacbe, Zeitachr. f. anal. Chem. 4, 55. 

% Zeitachr. f. anal. Chem. 3, 265 • 3, 420 ; 7, 48. , w5t h 

§ Winkler prepares this as follows. Fill a porcelain crucible °ne-tmra ^ 
purpureo-cobaltic chloride which has been several times recrystallizcd ana 
from nickel, place this in a large platinum crucible with perforated lid aim t 
ing tube, ignite in a current of hydrogen at first gently till the chlonde o ^ 
mum is mostly expelled, then increase the heat finally to the highest point, 
more hydrochloric acid escapes, and aliow to cool in the current of gas. 
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used correspond to the cobalt weighed off. In applying the process to 
the estimation of unknown quantities of cobalt, proceed in the same 
way, and let the conditions as regards amount of cobalt, amount of 
oxide of mercury, and dilution be as nearly as possible the same. 

In the presence of sulphuric acid, phosphoric acid, arsenic acid, 
oxygen acids of nitrogen, or chlorine or organic acids, the method is 
useless unless modified. Sesquichloride of iron, however, has no in- 
jurious action, as the oxide of mercury immediately precipitates all the 
iron. 

The influence of sulphuric acid may always be destroyed by chloride 
of barium ; of phosphoric acid and arsenic acid, when present in mode- 
rate quantity, by adding sesquichloride of iron before the oxide of 
mercury. If one part of sesquioxide of iron is added for one part of 
arsenic or phosphoric acid, the latter is precipitated as a basic salt. 
Neither this nor the sulphate of baryta requires to be filtered off. 

The presence of manganese renders the method useless. Small 
quantities of nickel do no damage, large quantities are injurious ; see 
§ 160 (Separation of cobalt and nickel). The results are thoroughly 
satisfactory for technical purposes. 

2. In regard to other methods, see Nickel — as all the methods there 
given may be used for cobalt. Fleischer’s method will be also men- 
tioned under the Separation of cobalt and nickel (§ 160). 

§ H2. 

5. Protoxide of Iron. 

a. Solution. 

Many of the compounds of protoxide of iron are soluble in water. 
The compounds insoluble in water dissolve almost without exception in 
hydrochloric acid, in which the pure protoxide also is soluble; the 
solutions, if not prepared with perfect exclusion of air, and with solvents 
absolutely free from air, contain invariably more or less sesquichloride. 
In cases where it is wished to avoid the chance of bxidation, the 
solution of the compound of protoxide of iron is effected in a small 
flask, through which a slow current of carbonic acid gas is passed, the 
transmission of the gas being continued until the solution is cold. 
Many native proto-compounds of iron cannot be thus dissolved. They 
are, indeed, rendered soluble by fusing with carbonate of soda, but in 
this process the protoxide of iron is converted for the most part into 
sesquioxide. It is therefore advisable to heat such substances (in the 
finest powder) with a mixture of 3 parts concentrated sulphuric acid 
a nd 1 part water in a strong sealed tube of Bohemian glass for 2 hours 
at about 2io° # or — in the case of silicates — to warm them with a mix- 
ture of 2 parts hydrochloric acid and 1 part strong hydrofluoric acid in 
a covered platinum dish (A. Mitscherlicii*). It is well to cover the 
water bath on which the dish is heated with a plaster ring about 
’i metre high, to place oh this a plaster plate with a piece cut out of 
the edge, and to conduct carbonic acid through the latter that the 
solution may take place in an atmosphere which will not oxidize the iron.t 

* Journ. f. prakt. Chem. 81, 116. 

T Somewhat more complicated arrangements for the attainment of the same 
object are given by Cooke (Zoitschr. f. anal. Chem. 7, 98) and Wilbur and 
Whittlesey (/&. 10, 98). 
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Metallic iron dissolves in hydrochloric acid, and dilute sulphuric 
acid, with evolution- y of. hydrogen, 'gs protochloride or sulphate of pro- 
toxide respectively ; m w^rm it dissolves as 'nitrate of ses- 

quioxide, and in nitr^hydrochloric.ap 1 $a sesquichl ride. 

b. Determination . - • 

Protoxide of iron maybe estimated i, byiiissolving, converting into 
sesquioxide and determining the latter gravimetrically or volumetrieally ; 
2, by precipitating as sulphide, and weighing it as such, or determining 
it after conversion into sesquioxide ; 3, by a direct volumetric method ; 
4, by treating with terchloride of gold, and weighing the reduced 
gold. 

The methods 1 and 2 are, of course, only applicable when no sesqui- 
oxide is present with the protoxide, the method 2 is scarcely ever used 
except for separations. The methods included under 3 are adapted to 
most cases and, in absence of other reducing substances, are especially 
worthy of recommendation. The method 4 will be brieliy treated of in 
the supplement to §§ 1 12 and 113. 

As the determination of iron as sesquioxide belongs to § 113, and 
as the process for precipitating the protoxide as sulphide is the same as 
that for precipitating the sesquioxide in this form, nothing remains for 
us here but to describe the methods of converting the protoxide into the 
sesquioxide and the processes included under 3. 

1. Methods of converting Protoxide of Iron into Sesquioxide, 

a. Methods applicable in all cases. 

Heat the solution of protoxide of iron with hydrochloric acid and 
add small portions of chlorate of potassa, till the fluid, even after 
warming for some time, still smells strongly of chlorine. Our object 
may be also attained by passing chlorine gas, or, in the case of small 
quantities, by addition of chlorine water, or very conveniently by the 
addition of bromine dissolved in hydrochloric acid. If the solution is 
required to be free from excess of chlorine or bromine it is finally 
heated, till all odor of the chlorine or bromine has disappeared. 


b. Methods which are only suitable when the iron is to be subsequently 
precipitated by ammonia , as hydrated sesquioxide. 

Mix tjhe solution of the protoxide of iron in a flask with a little 
hydrochloric acid, if it does not already contain any ; add some nitric 
acid, and heat the mixture for some time to incipient ebullition. The 
color of the fluid will show whether the nitric acid has been added in 


sufficient quantity. Though an excess of nitric acid, does no harm, still 
it is better to avoid adding too much on account of the subsequent 
precipitation. In concentrated solutions, the addition of nitric acid 
~ This 

unoxi- 

f iron 

Add to the hydrochloric solution small quantities of artificially 
prepared iron-free binoxide of manganese, till the solution is of a dar k 
olive-green color from the formation of sesquichloride of manganese ; 
boil till this coloration and the odor of chlorine have disappeared 


produces a dark-brown color, which disappears upon heating, 
color is owing to the nitric oxide formed dispplving in the still 
dized portion of the solution of the protoxidfe 

c. Method* which cam be employe the sesquioxide c 
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(Fr. Mohr) ; or you .may add pure permanganate of potassa (in crystals 
or concentrate^ solution) till the flukf is just red, and then boil, till the 
red color and chlorine-odor have vanished. These methods present the 
advantage of permitting complete oxidation without the use of any 
considerable excess of the oxidizing agent, 

2. Estimation by Volumetric .Analysis. 

a. Marguerite's Method. 

If we add to a solution of protoxide of iron, containing an excess of 
sulphuric acid, permanganate of potassa, the former is oxidized, at the 
expanse of the latter [io(FeO,SO a ) + 8S0 3 + K0,Mn 2 0 7 = 5(Fe 2 0 3 ,3S0 ) 
+ K0,S0 8 + 2(Mn0,S0 8 )]. Now if we possess a solution of 2 perman- 
ganate of potassa, and know how much iron ioo c.c. of it can convert 
from the condition of protoxide to that of sesquioxide, we can, with this, 
readily determine an unknown quantity of iron ; we have simply, for 
this purpose, to dissolve the iron in acid, in the form of protoxide, to 
oxidize the solution accurately, and note how many c.c. of the solution 
of permanganate of potassa have been used to accomplish that object. 

In the presence of hydrochloric acid the change is not exactly in 
accordance with the above equation (Lowentiial and Lenssen*). It is 
true that by proceeding in a certain way (see y), we may reduce the 
■ error, but the results must always be regarded as less trustworthy. 

a. Titration of the Solution of Permanganate of Potassa. 

Dissolve 5 grm. (roughly weighed) of pure crystallized perman- 
ganate of potassa in distilled water by the aid of heat, dilute to i litre, 
and preserve in a stoppered bottle. Action of direct sunlight on the 
solution should be avoided. The solution, if carefully kept, does not 
alter, but still it is well to titrate it afresh occasionally. 

aa. Titration by Metallic Iron. 

Weigh off accurately about i grm. thin soft iron wire, previously 
cleaned with emery paper, transfer to a | litre measuring flask, con- 
taining ioo c.c. dilute sulphuric acid (i to 5), add about 1 grm. bicar- 
bonate of soda, to produce carbonic acid and expel the air, and then 
close the flask with an india-rubber stopper, provided with an evolu- 
tion tube, as shown in fig. 80 ; c contains 20 or 30 c.c. water. Heat 
the flask at first gently, finally to gentle boiling till the iron is dis- 
solved. The clip b is open, and the hydrogen escapes through the 
water in c. Meanwhile boil about 300 c.c. distilled water, to drive out 
all the air it contains, and then allow it to cool. As soon as the iron 
js entirely dissolved, remove the lamp and close the evolution tube with 
he clip. When the iron solution has cooled a little loose the clip, and 
jUlow the water in c to recede, pour the boiled water into c, and allow 
his also to recede till the solution nearly reaches the mark. Take out 
the evolution tube and close the ‘flask with an unperforated stopper, 
allow to coot to the ten^rature of the room, fill with water to the 
mark , shake and allow to s^nd, so that the particles of carbon usually 
present may deposit. NoW’^fae out with a pipette 50 c.c. of the clear 
and near ly colorless fluid (containing 4-pf the iron weighed off), transfer 
1° a 4oo c.o. beaker, .and, dilute till the beaker is half full. Place the 
jeaker on a sheet of white paper, or better, on a sheet of glass, with 
hite paper underneath. 

* Zeitschr. f. anal. Chem. 1, 329. 
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Fill a Gay-Lussac’s or Geissleb’s burette of 30 c.c. capacity, divided 
into T J o c.c. (see §22, figs. 23 and 24), up to zero, with solution of per- 
manganate of potassa, of which take care to have ready a sufficient 
quantity, perfectly clear and uniformly mixed. 

Now add the permanganate to the iron solution, stirring the latter 
all the while with the glass rod. At first the red drops disappear very 



Fig. 80. 

rapidly, then more slowly. The fluid, which at first was nearly 
colorless, gradually acquires a yellowish tint. From the instant the 
red drops begin to disappear more slowly, add the permanganate with 
more caution and in single drops, until the last drop imparts to the 
fluid a faint, but unmistakable reddish color, which remains on stirring- 
A little practice will enable you readily to hit the right point. As soon 
as the fluid in the burette has sufficiently collected again read off, aud 
mark the number of c.c. used. The reading off must be performed 
with the greatest exactness (see § 22); the whole error should not 
amount to -rs c.c. 

The amount of permanganate solution used should be about 20 c.c- 
Bepeat the experiment with another 50 c.c. of the iron solution. r fhe 
difference between the permanganate used in the two c^ses should not 
be more than *i c.c. ; if it is, make one more experiment and when the 
results are sufficiently near take the mean. Now calculate what 
quantity of iron is represented by 100 c c. of the permanganate. 1° 
this end first divide the iron weighed off by 5, and then multiply by '99?» 
sinceJ^ft iron wire contains on the average *4 per cent, carbon, &c. ; this 
giveShe quantity of pure iron contained in 50 c.c. of the solution. Sup- 
pose we took 1*050 grm. iron wire, and used a mean of 21*3 c.c. permam 
ganate, — = *210, *210 x *996 = *20916. And then by rule of three : 

21*3 : *20916 :: 100 : x & = *98197; 

therefore, 100 c.c. permanganate = '98197 pure iron. 
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If there is a deficiency of free acid in the solution of iron, the fluid 
acquires a brown color, turns turbid, and deposits a brown precipitate 
(binoxide of manganese and sesquioxide of iron). The same may 
happen also if the solution of permanganate of potassa is added too 
quickly, or if the proper stirring of the iron solution is omitted or 
interrupted. Experiments attended with abnormal manifestations of 
the kind had always better be rejected. That the fluid reddened by 
the last drop of solution of permanganate of potassa added, loses its 
color again after a time, need create no surprise or uneasiness ; this 
decolorization is, in fact, quite inevitable, as a dilute solution of free 
permanganic acid cannot keep long undecomposed. 

bb. Titration by Sulphate of Iron and Ammonia. 

Weigh off, with the greatest accuracy, about 1*4 grm. of the pure 
salt prepared according to the directions given in § 65, 4, dissolve in 
about 200 c.c. distilled water, previously mixed with about 20 c.c. 
dilute sulphuric acid, and proceed as in aa . 

By dividing the amount of salt weighed off by 7-0014 (or where 
great accuracy is not required by 7) we obtain the quantity of iron 
corresponding. 

If the salt is not pure, if, for instance, it contains bases isomorphous 
with protoxide of iron (protoxide of manganese, magnesia, &c.) ; or if it 
contains sesquioxide, or is moist, the result will of course be too high. 

cc. Titration by Oxalic Acid. 

If solution of permanganate of potassa is added to a warm solution 
of oxalic acid, mixed with sulphuric acid, the liberated permanganic 
acid instantly oxidizes the oxalic acid to carbonic acid [ 5 C 2 0 + 3SO + 
K 0 ,Mn ? 0 ? = 1 oC 0 2 + 2 (Mn 0 3 S 0 8 ) + K 0 ,S 0 8 .] For the oxidation of 1 
eq. oxalic acid (C 3 0 3 ) and 2 eq. iron (in the state of protoxide) equal 
quantities of permanganic acid are accordingly required; therefore, 
63 parts (1 eq.) of crystallized oxalic acid correspond, in reference to 
the oxidizing action of permanganic acid, to 56 pares (2 eq.) of iron. 

A solution of oxalic acid is altered by the action of light ; it is, 
therefore, well only to dissolve as much as will be required for im- 
mediate use. Dissolve 1 to 1*2 grm. pure acid prepared by § 65, 1, 
to 250 c.c. ; 50 c.c. of this solution are introduced into a beaker, diluted 
with about 100 c.c. water, from 6 to 8 c.c. cone, sulphuric acid added, 
and the fluid heated to about 6o°. The beaker is then placed on a 
sheet of white paper, and permanganate added from the burette, with 
stirring. The red drops do not disappear at first very rapidly, but 
when once the reaction has fairly set in, they continue for some time 
to vanish instantaneously. As soon as the red drops begin to dis- 
appear more slowly, the solution of permanganate of potassa must be 
added with great caution ; if proper care is taken in this respect, it is 
easy to complete the reaction with a single drop of permanganate; 
this completion of the reaction is indicated with beautiful distinctness 
111 the colorless fluid. To find the iron corresponding to the perman- 
ganate used, multiply the amount of crystallized oxalic acid in the 50 
c *c. by 8 and divide by 9. 

If the oxalic acid was not perfectly dry, or not quite pure, the 
result of the experiment will, of course, lead to fixing the strength of 
the solution of permanganate of potassa too high.' Instead of pure 
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oxalic acid, Saint-Gilles has. proposed to use crystallized oxalate of 
ammonia (NH^C^vf aq.)^ This. oan easily be prepared in the pure 
state, keeps well, and can%9 Sighed with accuracy. 71*04 parts of 
the crystallized salt correspond to 56 parts ifpn. 


Of the foregoing three methods of standardizing solution of per- 
manganate of potassa, the first is the one originally proposed by 
Marguerite. Sulphate of iron and ammonia was first proposed by 
Fr. Mohr, and oxalic acid by Hempel, as agents suitable for the 
purpose. With absolutely pure and thoroughly dry reagents, and 
proper attention, all three methods give correct results. 

For myself, I prefer the first method, as the most direct and 
positive, the only doubtful point about it being the question whether 
the assumption that the iron wire contains 99^6 per cent, of chemically 
pure iron is quite correct ; this, however, is of very trifling importance, 
as the error could not exceed -fa or yb per cent.* The other two 
methods are, as may readily be seen, somewhat more convenient, but 
they are not so trustworthy unless you can insure the purity and 
dryness of the preparations. 

For the analysis of very dilute solutions of iron, e.g. y chalybeate 
water, in which the amount of iron may be very approximately de- 
termined with great expedition by direct oxidization with perman- 
ganate, a very dilute standard solution must be prepared. Such a 
solution may be made by diluting the previous solution with 9 parts of 
water or by dissolving *5 grin, crystals of permanganate of potassa in 1 
litre of water. It is to be directly standardized with correspondingly 
small quantities of iron, iron salt, or oxalic acid. 

In experiments of this kind, the fact that a certain quantity of per- 
manganate is required to impart a distinct color to pure acidified water 
(which is of no consequence in operations where the concentrated 
solution is used) must be taken into consideration; for where the 
solution used is so highly dilute, it takes indeed a measurable quantity 
of it to impart the desired reddish tint to the amount of water 
employed. In such cases, the volume of the solution of iron used for 
standardizing the permanganate and the volume of the weak fer- 
ruginous solution subjected to analysis should be the same, and either 
the two solutions should contain about the same quantity of iron, or 
by means of a special experiment, it is ascertained how many -jV c * c - °* 
the permanganate are required to impart the desired pale red color to 
the same volume of acidified water. In the latter case, these T V 
c.c. will be deducted from the amount of permanganate used in the 
regular experiments. In estimating the ipon in mineral waters it is 
of course taken for granted that the water contains no other substance 
which will deoxidize the permanganate such- as sulphuretted hydrogen, 
organic Hotter, and nitrous acid, compare §2<3§. 


This h£u^^^fully &dioatqd in} ai* ^ to be examined 


is dissolved, preferably twdih application of a current of carbonic acic 

v — •- — -j -11 — j a- - --1 the current or 


(see fig. 81), in dilute sulphuric acid, allowed to cool in 


* If you are often making iron determinations, you may of course procure a 
quantity of wire and estimate the foreign matter in it. 
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carbonic acid, and suitably diluted {if practicable,, the solution of a 
substance containing about -2 gran' iron should be diluted to about 
200 c.c.); if free acid is . not present insufficient quantity, dilute 
sulphuric acid is added till about 20 c.c. are present altogether, and 



Fig. Si. 

then standard permanganate from the burette, to incipient reddening 
of the fluid. The volume of standard solution used is then read off. 
The strength of the solution of permanganate being known, the 
quantity of iron present in the examined fluid is found by a very 
simple calculation. Suppose 100 c.c. of solution of permanganate of 
potassa to correspond to *98 grm. iron, and 25 c.c. of the solution to 
have been used to effect the oxidation of the protoxide of iron in the 
examined compound, then 

too : 25 :: *98 : x; x~ *245. 

The quantity of iron originally present in the form of protoxide 
amounted accordingly to *245 grm. 

For the method (^ determining the total amount of iron present in 
a solution containing both protoxide and sesquioxide of that metal, I 
refer to § 113 ; for that of determining the amount of each separately, 
to Section V. V. 

y. Process to be used with hydrochloric solutions of Iron. 

In titrating hydrochloric acid solutions of iron with permanganate, 

1 is essential that the standardizing of the reagent and the actual analysis 
P Performed under the same circumstances as regards dilution, amount 
m acid, and temperature^^ the proper reaction 10 FeO + 
5 Fe a 0 # + 2 collateral reaction 7HCI + Mn 2 0 7 = 5CI + 
lnCl + 7 HO also take^J^ce, in consequence of which a little 
. onne is liberated. not oxidize the protoxide of 

case of cohsi(ki»fe^dilutio^but there occurs a condition of 
equilibrium in the iluid. containing protoxide of iron, chlorine, and 
ydrochloric acid, which is destroyed by addition of a further quantity 
0 either body (Lowenthal and Lenssen*). But since it is difficult to 

♦ Zeitschr. f. anal. Chem. 1, 339. 


220 


DETERMINATION. 


[§ 112 . 

observe the above conditions of obtaining correct results, the estimation 
of hydrochloric acid solutions of iron is always less .trustworthy than the 
estimation of sulphuric' acidfsolutions. 

The following method I have, however, found* to give the best 
results: — 

Standardize the permanganate by means of iron dissolved in dilute 
sulphuric acid, make the iron solution to be tested up to | litre, add 
50 c.c. to a large quantity of water acidified with sulphuric acid (about 
t litre), titrate with permanganate, then again add 50 c.c. of the iron 
solution, and titrate again, &c. &c. The numbers obtained at the third 
and fourth time are taken. These are constant, while the number 
obtained the first time, and sometimes also the second time, differs. The 
result multiplied by five gives exactly the quantity of permanganate pro- 
portional to the amount of protoxide of iron present. 

b. Penny’s Method (recommended subsequently by Schabus). 

If bichromate of potassa is added to a strongly acid solution of prot- 
oxide of iron, the latter is converted into sesquioxide, whilst the chromic 
acid is reduced to sesquioxide of chromium (6FeO + 2CrO s - 3Fe 2 0 3 + 

Cr A)- 

Now, with *i eq. bichromate of potassa = 14*761 grm. dissolved to 
1 litre of fluid, *6 eq. = 16*8 grm. iron may be converted from the state 
of protoxide to that of sesquioxide, and 50 c.c. of the above solution 
correspond accordingly to *84 grm. iron. 

Care must be taken to use perfectly pure bichromate of potassa ; the 
salt is heated in a porcelain crucible until it is just fused ; it is then 
allowed to cool under the desiccator, and the required quantity weighed 
off when cold. Besides the above solution, another should also be pre- 
pared, ten times more dilute, and containing accordingly *oi oq. of 
bichromate of potassa in the litre. 

It is always advisable to test the correctness of the standard solution 
of bichromate of potassa, by oxidizing with it a known amount of pure 
iron dissolved to protoxide (see p. 215, aa). 

The solution of protoxide of iron is sufficiently diluted, mixed with 
a sufficient quantity of dilute sulphuric acid, and the standard solution 
of bichromate of potassa slowly added from the burette, the liquid being 
stirred all the while with a thin glass rod. The fluid, which is at first 
nearly colorless, speedily acquires a pale green tint, which changes 
gradually to a darker chrome-green. A very small drop of the mixture 
is now from time to time taken out by means of the stirring-rod, and 
brought into contact with a drop of a solution of ferricyanidc of 
potassium (free from ferrocyanide) on a porcelain plate, which has been 
spotted with several of such drops. When the blue color thereby pro- 
duced begins to lose the intensity which it exhibited on the first trials, 
and to assume a paler tint, the addition of the solution of bichromate 
of potass^ mj^be, more carefully regulated than at first, and towards 
the end of {Keffrocess, a fresh essay must be made, and with larger 
drops than at first, after each new addition of two drops, and finally, 
even of a angle drop ; drops must also be left for some time in contact 
before the observation is taken. Wben no further blue coloration 
ensues, the oxidation is terminated. From the remarkable sensitiveness 3 
of the reaction, the exact point may be easily hit to a drop. 10 

* Zeitschr. f. anal. Cliem. i, 361. 
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heighten the accuracy of the results, the dilute (ten times weaker) 
standard fluid should, just at the end of the process, be substituted 
for the concentrated solution of bichromate of potassa. It is also 
well to make the iron solution up to 250 c.c., and to take 50 c.c. at 
first to make a rough determination, and then another 50 c.c. for the 
determination proper; in this way the loss of substance inherent in the 
method is reduced to a minimum. 

If exactly *84 grm. of the substance to be analysed has been dis- 
solved, the numbers of half c.c. used of the two standard fluids show 
how many per-cents., and tenths per cent, respectively of pure iron the 
analysed substance contains in the form of protoxide. Tor the manner 
of proceeding in presence of sesquioxide of iron, I refer to § 1 13. If 
there is a deficiency of free acid in the solution, brown chromate of 
sesquioxide of chromium may form, upon which the solution of prot- 
oxide of iron exercises no longer a deoxidizing action. 


The advantage of the first of these two volumetric methods is, 
that the end of the operation is at once evident by the coloration of the 
fluid without any special testing ; the advantage of the second is, that 
the standard solution may easily be prepared and preserved unaltered. 
Since it has been known that the results yielded by the former 
method in hydrochloric solutions are not free from suspicion, the 
latter method, which has been for some time neglected, has come 
again into use. 

Wherever in making a volumetric estimation you are free to choose 
between a hydrochloric and a sulphuric acid solution, preference should 
be given to the latter, since it is less likely to absorb oxygen from the- 
air (Pattinson*). 

§ 113- 


6. Sesquioxide of Iron. 

a. Solution. 

Many of the compounds of sesquioxide of iron are soluble in water. 
Pure sesquioxide of iron and most of those of its compounds which are 
insoluble in water, dissolve in hydrochloric acid, but many of them 
Only slowly and with difficulty ; compounds of »this nature are best 
dissolved in concentrated hydrochloric acid, in a flask, with the aid 
of heat ; which, however, should not be allowed to reach the boiling 
point ; the compound must, moreover, be finely powdered, and even then 
it will often take many hours to effect complete solution. Sometimes 
the compound (strongly ignited sesquioxide, for instance) is dissolved 
in fusing bi&ulphate of potash, or a mixture of 8 parts sulphuric acid 
ai) d 3 parts water. It is frequently worth while to reduce the sesqui- 
oxide to metallic iron by prolonged ignition in hydrogen, and then to 
dissolve the metal. Silicates undecomposable by hydrochlppc acid are 
treated according to § 140, 6. 

Determination . 

Sesquioxide of iron is usually weighed as such, but sometimes as 
sulphide (§ 81). It may, however, be estimated also indirectly, and 
also by volumetric analysis, both directly and after reduction to prot- 

* Zeitschr. f. anal. Chem. 9, 512. 
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oxide. The conversion of compounds of iron into sesquioxide is effected 
either by precipitation qa^Y/fybed sesquioxide, preceded in some cases 
by precipitation as sulphide^ ^ basic sesquichloride or 

basic acetate or basic iron ; or it is effected by 

ignition. While the volumetric and ihe now seldom-used indirect 
methods are applicable in almost all cases, wo may convert into 

1. Sesquioxide of iron : 

a. By Precipitation as hydrated sesquioxide. All salts soluble in 
water with inorganic or volatile organic acids and likewise those which, 
insoluble in water, dissolve in acids, with separation of their acid. 

b. By Precipitation as sulphide of iron. All compounds of iron with- 
out exception. 

c. By Ignition. All salts of sesquioxide of iron with volatile oxygen 
acids. 

2. Sulphide of iron : All compounds of iron without exception. 

The method i , c*, is the most expeditious and accurate, and is there- 
fore preferred in all cases where its application is admissible. The 
method i, a, is the most generally used. The methods i, b, and 2, 
serve principally to effect the separation of the sesquioxide of iron from 
other bases ; they are resorted to also in certain instances where a is 
inapplicable, especially in cases where sugar or other non-volatile organic 
substances are present ; and also to estimate the sesquioxide of iron in 
its compounds with phosphoric acid and boracic acid. For the manner 
of determining the sesquioxide of iron in the chromate and silicate, I 
refer to §§ 130 and 140. The volumetric methods for estimating the 
sesquioxide are used in technical experiments almost to the exclusion 
of all others, and are very frequently employed in scientific analyses. 
The methods of precipitating the iron as basic salts will be given in 
.Section V. 

1. Determination as Sesquioxide of Iron . 

a. By Precipitation as Hydrated Sesquioxide. 

A porcelain dish should be used, a beaker does got answer the pur- 
pose so well. Mix the solution with ammonia in $*&ess, heat nearly to 
boiling, decant repeatedly on to a filter, wash tb©‘/precipitato,caref 
with hot water, dry thoroughly (which very greatly reduqe^fhe bulk of 
the ‘precipitate), and ignite in the manner direct^; in t §■ 

For the properties of the precipitate andresidhc/see § 81. The 
method is flee from sources of error. The precipitate, ufider all circum- 
stances, '0yen if there are no fixed bodies to fee washed out, must lie 
most thoroughly washed, since should it retain * any traces of chloride 
of ammonium, a portion of the iron would volatilize in the form of sesqui- 
chloride.-; It is also highly advisable to dissolve the Weighed residue, or 
.a b^ulpho^ 

P y jrreciptmwon as nuvpmae oj iron. 

oh, iu a not too large flask, is mixed with ammonia till 
an tye tree acid is neutralized. (In the absence of organic non-volatile 
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substances this leads to the precipitation of a little hydrated sesquioxide, 
which, however, is of no consequence). Add chloride of ammonium, 
if not already present in sufficient quantity, then colorless or yellowish 
sulphide of ammonium li; Moderate excess, lastly water, till the fluid 
reaches to the neck of the ?■ Cork it up and stand in a warm place, 
till the precipitate has subsided, and the supernatant fluid has a clear 
yellowish appearance (without a tinge of green). Wash the precipi- 
tate, if at all considerable, by decantation and finally on the filter, 
using water containing sulphide of ammonium, and gradually decreas- 
ing quantities of chloride of ammonium. While decanting pour the 
fluids in a flask, and when all the decantations are over filter the fluids ; 
then transfer the precipitate to the filter and continue the washing 
uninterruptedly, keeping the funnel covered with a glass plate. Neglect 
of any of these precautions will occasion some loss of substance, the 
sulphide of iron gradually combining with the oxygen of the air, and 
passing thus into the filtrate as protosulphate. As this sulphate is 
reprecipitated by the sulphide of ammonium present, the filtrate 
assumes, in such cases, a greenish color, and gradually deposits a black 
precipitate, the separation of which is much promoted by addition of 
chloride of ammonium. 

When the operation of washing is completed, the moist precipitate 
(if it is not dried and determined according to 2) is put, together with 
the filter, into a beaker^ some water added, and then hydrochloric acid, 
until the whole is redissolved. Heat is now applied, until the solution 
smells no longer of sulphuretted hydrogen ; the fluid is then filtered 
into a flask, the residual paper carefully washed and then incinerated, 
the ash is warmed with strong hydrochloric acid, the solution (if it 
looks yellow) diluted and filtered to the principal solution, which is 
now oxidised by heating with nitric acid (see § 112, 1); the oxidized 
solution is finally precipitated with ammonia, as in a. 

If a solution of potassio-, sodio-, or ammonio-tartrate of sesquioxide 
of iron contains a considerable excess of alkaline carbonate, the precipi- 
tation of the iron as sulphide is prevented to a greater or less extent 
(Blumenau). In such cases the fluid must therefore be nearly neu- 
tralized with an acid, before the precipitation with the sulphide of 
ammonium can be effected. 

c. By Ignition, 

Expose the comffeund, in a covered crucible, to a gentle heat at 
first, and gradually to the highest' degree of intensity ; jontinue the 
operation until the weight of the residuary sesquioxide of iron remains 
constant. . ' ■ • ’ • ■ 

2. Determination as Anhydrous Sulphide of Iron. 

The hydrated , sulphide ,pf iron obtained, as in 1, b, may be very 
conveniently detennined’^)y , conversion into the anhydroift sulphide. 
The process is the f or *i tia (§ 108, 2). The heat to Which it is 

finally exposed in the of ^hydrogen must be strong enough, as 

a n excess of sulphur , is ieta^el vdth some obstinacy. Ih fact, it is 
a dvisable after weighing re-ignite in hydrogen and weigh a second 
tone. It is of no importance if the hydrated sulphide has oxidized on 
drying. Protosulphate and sesquioxide of iron can be transformed into 
sulphide in the same manner, after having been dehydrated by ignition 
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in a porcelain crucible (H. Rose*). The results obtained by Oesten, 
and adduced by Rose, as well^fcs those obtained in my own laboratory, 
are exceedingly satisfactory (Expt; 3$f o. 67 ). 


3. Determination by Volumetric Analysis. 

a. Preceded by Reduction of the Sesquioxide to Protoxide. 

The volumetric methods which come under this head are based upon 
the reduction of the sesquioxide to protoxide, and the estimation of the 
latter. We have, accordingly, to occupy ourselves simply with the 
reduction of the solution of the sesquioxide, the other part of the 
process having been fully discussed in § 1 12. The reduction of ses- 
quioxide of iron can be effected by a host of substances (zinc, proto- 
chloride of tin, sulphuretted hydrogen, sulphurous acid, &c.), but only 
those can be used with advantage, an excess of which may be added 
with impunity. If an excess must be very carefully avoided, or, being 
added, must be carefully removed, the method becomes troublesome, 
and a ready source of inaccuracy is introduced. On these grounds, 
although its action is somewhat slow, zinc, unquestionably, deserves the 
preference before all other reducing agents. 

Heat the hydrochloric or sulphuric acid solution, which must con- 
tain a moderate excess of acid, but be free from nitric acid,t in a 
small long-necked flask, placed in a slanting position ; drop in small 
pieces of iron-free zinc (§60) with a spiral of platinum wire or a piece 
of platinum foil, and conduct a slow current of carbonic acid through 
the flask (fig. 81, p. 219). Evolution of hydrogen gas begins at once, 
and the color of the solution becomes paler in proportion as the ses- 
quioxide changes to protoxide. Apply a moderate heat to promote the 
action ; and add also, if necessary, a little more zinc. As soon as the 
hot solution is completely decolorized (one cannot judge of the perfect 
deoxidation of a cold solution so well, as the color of the sesquicliloride 
or sesquisulphate of iron is deeper in the heat), and the whole of the 
zinc is dissolved, J allow to cool completely in the stream of carbonic 
acid ; to hasten the cooling the flask may be immersed in cold water ; 
then dilute the contents with water, pour off, and wash carefully into a 
beaker, leaving behind as far as possible any flocks of lead that may 
have separated from the zinc, and proceed as directed, p. 218,0, if 
you have a sulphuric acid solution, as directed, p. 220, b , if hydrochloric 
acid is present. If the solution contains metals precipitable by zinc, 
these will separate, and may render filtration necessary. In this case 
the filtrate must be again heated with zinc, before titrating. If ir° n ' 
free zilic cannot be procured, the percentage of iron in the metal used 
must be determined, and weighed portions of it employed in the process 
of reduction ; the known amount of iron contained in the zinc con- 
sumed is then subtracted from the total amount of iron found. 

In the analysis of solid compounds of sesquioxide of iron, it ; s 
advisable to add some zinc while they are dissolving in hydrochloric 
acid. The solution is thereby facilitated (0. L. Erdmann§). 

, /. " \ 

. * X /' * Poig. Annal. l id, 126. 

' t NitHc acid under the fnfluencjMf zinc forms nitrous acid, which reduces per* 
manganateof potassa (Terreii^ Zeitapr, t anal.' Ohem. 6, 116). if 

$ Irpn often precipitates on the jp|tc, and does not redissolve till the zinc lW 
dissolve (A Mitscherlich, Zeitscnr. f. anal. Chem. 2, 72). 

g Journ. f. prakt. Chem, 76, 176. 
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With respect to the reduction of sesquichloride of iron by means of 
protochloride of tin, compare b. 

b. Without Previous Reduction to Protoxide, 

The methods under this head all depend on adding a reducing 
agent to the solution till the sesquioxide is entirely converted into prot- 
oxide, and then determining the amount of the reducing agent used 
either directly or indirectly. Many methods have been proposed, but 
I have found those given under a and '/3 the best. 

a. Reduction by Protochloride of Tin , 

Having had many years’ experience with this method, I can most 
strongly recommend it. We require : 

a. A Standard Solution of Sesquichloride of Iron. This is pre- 
pared by dissolving 10*04 grin, of clean, fine, and soft iron wire 
(=10 grm. pure iron) in hydrochloric acid in a slanting long-necked 
flask, oxidizing the solution with chlorate of potassa, completely remov- 
ing the excess of chlorine by protracted gentle boiling, and finally 
diluting thte solution to 1 litre. 

b. A Clear Solution of Chloride of Tin. It should be of such a 
strength that one volume may reduce about two volumes of the sesqui- 
chloride of iron. 

c. A Solution of Iodine in Iodide of Potassium, containing about 
010 grm. iodine in 1 c.c. The quantity of iodine it contains need not 
be exactly known. 

The operations are as follows : — 

1 . Run 2 c.c. of the chloride of tin into a small beaker, add a little 
starch solution and 5 c.c. water, then iodine solution from the burette 
till the fluid is permanently blue. About 5 c.c. iodine will be required 
for 1 c.c. chloride of tin.f Divide the c.c. of chloride of tin by the c.c. 
of iodine solution, and preserve the fraction obtained. 

2. Measure off* 50 c.c. of the standard iron solution into a small 
flask, add some hydrochloric acid, and heat, preferably on an iron plate, 
to boiling. Now add chloride of tin from the burette, at first in larger, 
then in smaller quantities, allowing a certain interval between each 
addition, and keeping gently boiling all the while. The yellow color 
becomes lighter and fighter as the reduction progresses. Towards the 
en d add the reagent in drops, and allow sufficient time for their 
action. It is thus easy to hit the point of complete reduction, for the 
passage of the yellowish solution into the colorless state is readily 
perceived. Cool the contents of the flask, add some starch-paste, and 
then iodine from the burette, till blue. The amount of iodine used:}: is 

* f' ENNY and Vallaoe have already made use of the same principle in another 
„„ 3[» hut I believe I was the first to give the method a practical form (Zeitschr. f. 

ana i Chem. 4, *6). F 

frpA j Entity of iodine here used varies a little, according to the quantity of 
s ? .hyurochlorio acid mixed with the chloride of tin. However, the differences are 
us Hr 10 ® M *° A ave no appreciable influence on the result, since in the method before 
’ I t- 6 * 068 ® °f chloride of tin that has to be< determined is always very slight, 
iohii f , . tin solution has been added at last very carefully, especially where the 
ia 1 iron *■ concentrated, it often happens that the excess of chloride of tin 
too 8 ma u to be estimated. But in other cases a small excess will be found to 
jut 1 been added. In order to render the method really reliable, I consider it abso- 
it *? ece88ar y to test for an exoess of chloride of tin, and, if present, to determine 

u the manner described. 

Quant, vol. i. 
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then transferred into chloride of tin (by multiplying by the fraction 
obtained in i), which is deducted from the whole quantity of chloride 
of tin used, and the reminder is the amount necessary to convert 
•5 grin, of iron from the fcohdition of sesquioxide to that of protoxide. 

3. Having thus standardized the mtotbchloride of tin, we may em- 
ploy it for our purpose as follows : ^Dissolve the compound of iron in 
hydrochloric acid, convert any protochloride present into sesquichloride, 
according to one of the methods given, § 112, 1, a or c, remove every 
trace of free chlorine, and lastly, to the sufficiently concentrated solu- 
tion add the chloride of tin, as described in 2, and determine any 
excess of the latter. The amount of iron in our substance may then be 
obtained from the chloride of tin used by a simple rule-of-three sum. 
Suppose, for instance, 25 c.c. of the tin solution correspond to *5 grm. 
of iron (i.e., are capable of converting exactly *5 grm. iron from ses- 
quioxide -to protoxide) and 20 c.c. of the tin solution have been used to 
reduce the unknown quantity of iron, 

25 : -5 ::20 : a; = 

and the amount of iron in the substance was *4 grm. The method 
affords exceedingly satisfactory results.* 

But all the operations must be done at once, so as not to leave time 
for the strength of the tin solution to be altered by the action of the 
air. It is preferable to use a rather strong solution of tin (and conse- 
quently rather large quantities of substance) than to use a very dilute 
solution of tin, on which the air would have more action. 

The tin solution is made as follows : Melt tin in a porcelain dish, 

and while cooling rub it with 
a pestle. Heat the powder so 
obtained with hydrochloric 
acid of i* 1 a sp. gr. till, the 
tin being in excess, no more 
hydrogen is given off. When 
cold, pour off or filter the so- 
lution and add 3 volumes of 
hydrochloric acid and 6 vo- 
lumes of water. To keep the 
solution, it is well to use an 
arrangement which prevents 
or as far as possible limits 
the action of the air. 

Formerly t the air enter- 
ing the bottle containing the 
tin solution was made to pass 
through tubes containing 
phosphorus and pyrogallate 
of potash, to, .free it from 

03 E$?en; mjflr-I prefer the 
$2, especially 
} |or large ^ta&jratories. The 
fi is filled hy 
blowing air through b. The 
clip, g, is then put on, the 

* Zeitjugfafr. f. anal Chem. i, 26, | f lb. 2, 58. 
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constant carbonic acid apparatus, c, is connected with b, the stopper, a, 
is loosened, and the air in the latter replaced by carbonic acid. When 
any tin solution is drawn off by loosing 0ie clip, g, an equal volume of 
carbonic acid passes from c to a ? and g being closed the evolution of 
carbonic acid ceases as soon as the acid is pressed out of d. d, which 
contains marble, has of course a small opening at the bottom; it is held 
down by the plaster plate, h, 

ft. Reduction by iodide of potassium , and estimation of the liberated 
iodine by hyposulphite of soda .* 

If excess of iodide of potassium acts upon solution of sesquichloride 
of iron at a certain heat, the following reaction takes place : Fe 4 Cl + 
KI = 2 Fed + KC1 4* I. The iodine remains in solution in the excess* of 
iodide of potassium; it is determined by standard solution of hypo- 
sulphite of soda, and gives by calculation the quantity of iron present, 
since i eq. iodine = 126*85 represents 2 eq. iron = 56. The reaction 
between the iodine and the hyposulphite of soda is 2(Na0,S.0 o ) + 1 = 
M + NaO,S 4 O fi . 

The method requires — 1. A solution of hyposulphite of soda con- 
taining about 12 grm. of the crystals in the litre. 2. Iodide of potas- 
sium free from iodate (§ 65, 6). 3. Solution of sesquichloride of iron 

of known strength, free from protosalt and free chlorine, compare 
§ ri 3) a; the solution there described containing *i grm. iron in 
10 c.c. is very suitable. 4. A few bottles holding 100 to 150 c.c. with 
closely fitting stoppers. 5. Thin freshly prepared starch paste. 

Tha hyposulphite of soda is titrated as follows. Take two of the bottles 
and into each measure 10 c.c. of the iron solution. In order that the 
solution may only be slightly acid, add dilute soda till a few fiocks 
begin to separate and then hydrochloric acid (*5 to 1 c.c. of sp.gr. 1*1) 
to redissolve them. The solution should not be brownish-red but dark- 
yellow. Add to each bottle about 3 grm. iodide of potassium, insert 
the stoppers firmly, fasten them down with moist parchment paper, or 
wire or string, and warm the bottles to 50° or 6o° ; this is best done by 
suspending them over a water bath, so that they may catch the steam. 
In 15 or 20 minutes the action is complete. Allow to cool and then run 
in hyposulphite from the burette till the solution is very pale yellow, 
ndd about 1 c.c. of the thin starch, and then again hyposulphite till the 
Wue color Ifa just dmcharged. The c.c. used correspond to the iodine 
«eparatedf|v the agency of *i grm. iron, and therefore to *1 grm. iron 
present ^sesquichloride. 

The estimation of iron in a solution of an unknown amount is con- 

*The method to be described passed through many phases before it arrived at 

® I^esent state. DmUiOS and afterwards Streng employed the reduction of 

Qmchloride of iron by JbydHodic acid for estimating iron. In 1858 (Annal. d. 
In e .o 1 ;'I 1 ' T P^ ana * I0 5 > S 3 ) CLmqhr studied the influence of dilution on this reaction, 
olr • R; u. Pharm. 113, 257) described a mode of pro- 

’ , ltt which the iodide^tikitassitim was not added in excess, and played the 
i jl ® or ® of an was not quite satisfactory. In &e same 

^ Braun (Jourm 81, 423} applied the method ta estimate 

Inf s T eS( l uic bloride ofiron pro^SJlWtheSction of nitric Acid on the protochloride, 
bviT 6 ^proved np 4 n .'it^ : ^®j^atcess .-’of' - iodide of potassium, aiding the Action 
(y . ! ea J a »d determining ihrltpArated iodine after cooling. In 1863 Fr. . Mohr 
. Chem - 2, 243 ) described the method, adopting Braun’s iraprove- 
bichr ’ the hyposulphite solution by iodine separated by means of 

°f potasBa. In 1864 Braun (Zeitschr. f. anal. Chem. 3, 45*2) described 
0 his method of proceeding in detail. 
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ducted in the same way as the titration of the hyposulphite of soda. 
All the iron must be in the state of sesquichloride or sesquioxide, and 
of course no other substance may be present which might decompose 
the iodide of potassium, such as free chlorine and nitric acid. It is 
well to take, a quantity of the substance containing not much more or 
much less then *i grm, The free acid present must be nearly neutralized 
as directed above. 

If it was found that *i grm. iron = 18*4 c.c. hyposulphite, and if 
24*5 c.c. of the latter were required in an analysis, then the iron present 
is *13315 grm., for 18*4 : *i :: 24*5 : *13315. 

The method gives good results and is much to be recommended for 
the estimation of small quantities of iron. 

y. Reduction by hyposulphite of soda in the presence of a coj)per salt , 
after Oudemans.* 

If an acid solution of sesquichloride of iron is mixed with a little 
sulphate of copper and some sulphocyanide of potassium and then hypo- 
sulphite of soda is added, the red color of the sesquisulphocyanide of iron 
gets paler and paler, and finally disappears altogether. Warming is 
unnecessary. To hit the point is not easy, so we add a slight excess of 
hyposulphite of soda, and then titrate back with standard iodine. The 
reaction is as follows : Fe 2 Cl 8 + 2(Na0,S 2 0 2 ) = 2FeCl + Na0,S 4 0 6 + NaCl ; 
it is promoted by the addition of a small quantity of sulphate of copper, 
which is alternately reduced by the hyposulphite and oxidized by the 
sesquichloride of iron. If a small quantity of subsalt of copper is 
produced by the excess of hyposulphite this does not matter, as its 
action on the iodine solution is the same in extent as the action of 
the hyposulphite which produced it. The method is not accurate unless 
the fluid remains clear ; neither subsulphoeyanide of copper nor subiodidc 
of copper nor sulphur must be thrown down. Hence care must be taken 
to maintain the proper amounts of the reagents and to dilute the fluid 
sufficiently. 

We require — 1. A solution of hyposulphite of soda. 2. A solution 
of sesquichloride of iron of known strength (see j9 for these two solu- 
tions). 3. A solution of sulphate of copper, 1 in 100. 4. A solution 

of sulphocyanide of potassium, 1 in 100. 5. A solution of iodine in 

iodide of potassium, containing 5 or 6 grm. iodine in the litre (compare 
§146,3). 6. Thin starch paste. 

Measure off some of the hyposulphite of soda, add starch paste 
(§ 146* 3), and then titrate with iodine solution, in order to determine 
the relation between the two solutions. Now transfer 10 or 20 c.c. 
of the sgwuichloride of iron to a beaker, add 2 c.p. concentrated 
hydrochWpc acid, 100 or 150 c.c. water, 3 c.c. copper solution, and 
1 c.c. sulphocyanide of potassium, titrate with hyposulphite till the 
fluid just loses its color, add at once some starch paste, and titrate back 
with io^ solution till the blue color appears. Deduct the hyp 0 ' 
sulphite equivalent to the iodine, solution from the total quantity of 
hyposutojbite use^i and the remahider wiQ^e^resent the iron present. 

ischei^^^ie* vom^iAug 1859), af^erwards^y^RaSi^ and Landolt (Zeitschr. 
f. anal. diem. 1. 214). The method of Oudemans is to be found in Zeitschr. f. 
Chem. 6, 129; it was criticised and rejected in Mohr’s Lehrb. d. Titrirmetno^ 

3 Aufl. 291. Oudemans replied to Mohr in Zeitschr. f. anal. (Jhem. 9, 34^ * 

exammition of the method by C. Balling, appeared in the same journal, 9, 99 * 
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In the analysis the conditions should be similar to those in the standard- 
izing of the hyposulphite. 

This method is very rapid, and the results, though not so accurate 
as those by methods a and are quite good enough for many technical 
purposes. 

Supplement to §§ 112 and 113. 

Besides the methods given in §§ 112 and 113, there are several 
others, especially indirect methods, by which the estimation of iron may 
be effected ; some of these are old, others have been proposed lately. 
However, as they either are in no way superior to those already 
described, or find only limited application, I confine myself here to a 
mere brief description of the most important among them. 

1. Fuchs’s method.* The solution, which contains the iron as 
sesquioxide , and must be free from nitric acid, is mixed with hydro- 
chloric acid, and boiled with weighed strips of metallic copper, until the 
H aid has become light green ; the quantity of iron is estimated from 
the loss of weight of the copper (Fe 3 Cl s + 2Cu = 2 FeCl + Cu 2 Cl). The 
method only yields satisfactory results on the most careful exclusion 
of the air. The circumstances most favourable to success have been 
studied by Lowe and Konig, and will be described in detail, under the 
“ Analysis of Iron Ores,” in the Special Part. 

2. The solution, which contains the iron as sesquioxide , and must be 
free from metals of the fifth and sixth groups, as well as from other 
substances exercising a decomposing action upon sulphuretted hydrogen, 
is precipitated with clear sulphuretted hydrogen water in excess, all 
application of heat being avoided. After a few days the precipitated 
sulphur is determined, and the amount of sesquioxide of iron calculated 
therefrom (Fe # O a + HS = 2FeO + HO + S) (H. Hose). Results accurate, 
compare Delffs.I 

3. The solution, which contains the iron a s protoxide, is mixed with 
sodio-terchloride of gold in excess, the flask closed, and the reduced 
gold which separates determined. 6 FeCl + AuCl s = 3Fe s Cl f + Au (H. 
Rose). 

§ IT 4 * 

Supplement to the Fourth Group 
7. Sesquioxide of Uranium. 

If the compound in which the uranium is to be determined contains 
no other fixed substances, it may often be converted into protosesquioxide 
(UO,U 3 0 8 ) by simple ignition. If sulphuric acid is present, small por- 
tions of carbonate of amm o nia must be thrown into the crucible towards 
the end of the operation. # . 

In cases where thh application of this method is inadmissible, the 
solution of uranium !^dQiiohj if it contains protoxide, must first be 
farmed with nitric acii^mtil the protoxide is converted into sesqui- 
oxide) is nearly boiled ufajl&tinum or porcelain dish, and precipitated 
^ith ammonia in' •jiie yellow precipitate formed, which 

insists of hydrated ammoniosesquioxicle of uranium , is filtered off hot 
^ud washed with a dilute solution of chloride of ammonium, to prevent 

* Jou;n. f. prakt. Chem. 17, 160. t Chem. Centralbl. 1856, 839. 
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the fluid passing milky through the filter. The precipitate is dried 
and ignited (§ 53). To make quite sure of obtaining the protosesqui- 
oxide in the pure state, the crucible is ignited for some time in a 
slanting position and uncovered) the lid is then put on, while the 
ignition is still continuing ; the crumble is allowed to cool under the 
desiccator, and weighed (Rammelsberg). . 

If the solution from which the sesquioxide of uranium is to be pre- 
cipitated contains other bases (alkaline earths, or even alkalies), por- 
tions of these will precipitate along with the ammonio-sesquioxide 
of uranium. For the measures to be resorted to in such cases, I refer 
to Section Y. 

The reduction of the protosesquioxide of uranium to the state of 
protoxide (UO) is an excellent means of ascertaining its purity for .the 
purpose of control. This reduction should never be omitted, since 
PfiLiGOT has found the protosesquioxide to be variable in composition. 
It is effected by ignition in a current of hydrogen gas, in the way 
described § 111, 1 (Cobalt). In the case of large quantities the igni- 
tion must be several times repeated, and the residue must *be occa- 
sionally stirred with a platinum wire. While cooling increase the 
current of gas to prevent reabsorption of oxygen. By intense heating 
the property of spontaneous ignition in the air is destroyed. If after 
evaporating a solution of sesquichloride of uranium, the residue is to he 
ignited in hydrogen ) heat gently at first in the gas to avoid the loss 
of small quantities of oxychloride. The separation of sesquioxide <>f 
uranium from phosphoric acid is effected by fusing the compound with 
cyanide of potassium and carbonate of soda. Upon extracting the 
fused mass with water, the phosphoric acid is obtained in solution, 
whilst the uranium is left as protoxide. Knop and Arendt* have 
employed this method. 

The equivalent of protosesquioxide of uranium = 210*2, viz., 178 2 
of uranium and 32 of oxygen. In 100 parts, the compound consists of 
84*77 °f uranium and 15*23 of oxygen. The equivalent of protoxide of 
uranium is 67*4, viz., 59*4 of uranium and 8 of oxygen ; in 100 parts, 
the protoxide consists of 88*13 of uranium and 11*87 of .oxygon. 

According to BELOHOUBEOK,t uranium may be also determined 
volumetrically by reducing the solution of the sesquisulphate or acetate 
with zinc, as in the case of iron (§113, 3, <*). Aj the color of the 
solution is no safe criterion of the end of the reduction, you must allow 
the action of the zinc to continue for a considerable time. Belohou- 
bece sayB a quarter of an hour is sufficient for small quantities, half 
an hour for large quantities. The solution of the protoxide is diluted, 
mixed with dilute sulph uric acid, and then titrated with permanganate 
to incipient The permanganate is standardized by § 112, 2, 

1 eq. urSnitun= ij^Bon. . , ,. e 

BELbBOUBj^nBmned good results aleb hydrochloric solutions, 
but A* n^ intnJpBmadfl in this laboratojftr cbi|^wuJWn that these are 
liable pointed^^^the ca^^^^^Oomp^jp- aC 

* f*£, v o, 
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FIFTH GROUP. 

OXIDE OF SILVER — OXIDE OF LEAD — SUBpXIDE OF MERCURY — OXIDE OF 

MERCURY — OXIDE OF COPPER — TEROXIDE OF BISMUTH — OXIDE OF CAD- 
MIUM-— (PROTOXIDE OF PALLADIUM). 

§ IIS- 

i. Oxide of Silver, 

a . Solution. 

Metallic silver, and those of its compounds which are insoluble in 
water, are best dissolved in nitric acid (if soluble in that acid). Dilute 
nitric acid suffices for most compounds ; sulphide of silver, however, 
requires concentrated acid. The solution is effected best in a flask, 
which should be heated if necessary, and placed in a slanting position 
if gas is evolved. In the case of metallic silver, or sulphide of silver, 
the solution is heated finally to gentle boiling to drive off nitrous acid. 
Chloride,- bromide, and iodide of silver are insoluble in water and in 
nitric acid. To get the silver contained in chloride and bromide in 
solution, proceed as follows : — Fuse the salt in a porcelain crucible (this 
operation, though not absolutely indispensable, had better not bo 
omitted), pour water over it, put a piece of clean cadmium, zinc, or iron 
upon it, and add some dilute sulphuric acid. Wash the reduced spongy 
silver, first with dilute sulphuric acid, then with water, and finally 
dissolve it in nitric acid. However, as we shall see below, the quan- 
titative analysis of these salts does not necessarily involve their 
solution. 

b. Determination. 

Silver may be weighed as chloride , sulphide , or cyanide , or in the 
metallic state (§ 82). It is also frequently determined by volumetric 
analysis. 

We may convert into 

1. Chloride of silver : All compounds of silver without excep- 

2. Sulphide of silver : 3. Cyanide of silver: All compounds 
soluble in water or nitric acid. 

4* Metallic silver : Oxide of silver, and some of its compounds 
with readily volatile acids \ salts of silver with organic acids ; chloride, 
bi’omide, iodide, sulphide, and sulphate of silver. 

The method. 4 is the most convenient, especially when conducted in 
tke dry way, and is preferred to the others in all cases where its appli- 
cation is admissible. The method 1 is that most generally resorted to. 

2 and 3 serve mostlyAijjiy to effect the separation of oxide of, silver 
trom other bases. .. .. .. • : ; ;V 

In assays for the usually determined volum^trically 

b y Gay-Lussac’s method. ; Jisa&i's volumetric method is especially 
^fited to the determinat^m of very small quantities of silver. H. 

ogel’s method is specially useful to photographers. The estimation 
cf silver by cupellation will be described in the Special Part, under the 
Analysis of Galena. 
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i. Determination of Silver as Chloride, 

a. In the Wet Way, 

Mix the moderately dilute solution in a beaker with nitric acid, heat 
to about 70°, and add hydrochloric acid with constant stirring til] it 
ceases to produce a precipitate. A large excess of hydrochloric acid 
must be avoided, as the precipitate is not absolutely insoluble therein. 
While protecting the contents of the beaker from the action of direct 
sunlight continue the heat till the precipitate has fully settled, pour off 
the clear fluid through a small filter, rinse the precipitate on to the 
latter by means of hot water mixed with some nitric acid, wash with 
hot water containing nitric acid, then with pure hot water, dry 
thoroughly, transfer the precipitate to a watch-glass as nearly as pos- 
sible, incinerate the filter in a weighed porcelain crucible, treat the adi 
(which always contains some metallic silver) with a few drops of nitric 
acid in the heat ; add two or three drops of hydrochloric acid, evaporate 
cautiously to dryness, add the main bulk of the precipitate, using ;i 
camel’s hair brush to transfer the last portions, heat cautiously till it 
begins to fuse at the edge, allow to cool, and weigh. 

To remove, the fused mass without breaking the crucible, lay a 
small piece of iron or zinc upon it, and then add very dilute hydro- 
chloric or sulphuric acid. The chloride will be reduced, and the silver 
may now be detached from the crucible with the greatest ease. 

For the properties of the precipitate see § 82. The method gives 
very exact results, at all events in the absence of any considei.dilo 
quantities of those salts in which chloride of silver is somewhat solid dr; 
compare § 82. To avoid error in this respect, it is well to test the 
clear filtrate with sulphuretted hydrogen. 

b. In the Dry Way. 

This method serves more exclusively for the analysis of bromide 
and iodide of silver, although it can be applied in the case of other 
compounds. The process is conducted in the apparatus illustrated l»y 
% 8 3 - .... . , 

a is an apparatus for disengaging chlorine; b contains concentrated 
sulphuric acid, c chloride of calcium ; d is a bulb-tube intended for the 
reception of the iodide or bromide of silver ; and e serves to conduct 
the chlorine gas into the open air, or into a flask containing hydrate of 
lime. The operation is commenced by introducing the compound to 
be analysed into the bulb, and applying heat to the latter until its con- 
tents are fused ; when cold, the tube is weighed and connected with 
the apparatus. Chlorine gas is then evolved from a ; when the evolu- 
tion of the gas has proceeded for some time, the contents of the bulb 
are heated to fusion, and kept in this state for about "fifteen minutes 
agitating now and then the fused mass. The bulb-tube is then re- 
moved' rrpm the apparatus, allowed to cool, and hdd in a slanting 
posi%n to replace the chlorine by atmospheric air ; it is subsequently 
weighed, then again connected with the apparatus, and the forme 1 
process re$ea£ed, leaping the contents of d in a state of fusion for® 
few minutes; The operation may, in ordinary cases, be considered con- 
cluded if the weight of the tube suffers no variation by the repetition 0 
the process. If the highest degree of accuracy is to be attained, l' Ci ^ 
the chloride of silv.er again to fusion, passing at the same time a slo' 
stream of pure, dry, carbonic acid through the tube, in order to dnv 
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out the traces of chlorine absorbed by the fused chloride. Allow to cool, 
hold obliquely for a short time, so as to replace the carbonic acid by air, 
and finally weigh. 



Fig. 83. 

2. Determination as Sulphide of Silver. 

Sulphuretted hydrogen precipitates silver completely from acid, 
neutral, and alkaline solutions ; sulphide of ammonium precipitates it 
from neutral and alkaline solutions. The precipitate does not settle 
clearly and rapidly except a free acid or salt be present (such as nitric 
acid or an alkaline nitrate). Recently prepared perfectly clear solution 
of sulphuretted hydrogen may be employed to precipitate small quan- 
tities of silver , to precipitate larger quantities, the solution of the salt 
of silver (which must not be too acid) is moderately diluted, and washed 
sulphuretted hydrogen gas conducted into it. After complete precipi- 
tation has been effected, and the sulphide of silver has perfectly sub- 
sided (with exclusion of air) it is collected on a weighed filter, washed, 
dried at ioo°, and weighed. For the properties of the precipitate, see 
§ 82. This ^method, if properly executed, gives accurate results. The 
operator must take care to filter quickly, and to prevent the access of 
air as much as possible during the filtration, since, if this precaution 
be neglected, sulphur is likely to separate from the sulphuretted hydro- 
gen water, which, of course, would add falsely to the weight of the 
sulphide of silver. If the presence of a minute quantity of sulphur m 
the precipitate is suspected, treat it after drying with pure bisulphide 
'Uf carbon on the filter repeatedly, till the fluid running through gives 
no residue on evaporation in a watch-glass ; dry and weigh. 

The sulphide must, however, never be weighed as just described, 
"unless the analyst is satisfied that no considerable amount of sulphur 
•has fallen down with it, as would occur if the fluid contained hypo- 
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nitric acid, sesquioxide of iron or any other substance which decom- 
poses sulphuretted hydrogen. In case the precipitate does contain 
much admixed sulphur, the simplest process is to convert it into me- 
tallic silver (H. Rose*). For thw purpose it is transferred to a weighed 
porcelain crucible, the filter ash is added, and the whole is heated to 
redness in a stream of hydrogen, the apparatus described in § I0 s 
being employed. . Results accurate. 

Should the apparatus in question not be at the operator’s disposal, 
he may, after complete washing of the precipitate, carefully rinse it into 
a porcelain dish (without injuring the weighed filter), heat it once or 
twice with a moderately strong solution of pure sulphite of soda, re- 
transfer the precipitate (now freed from admixed sulphur) to the old 
filter, wash well, dry and weigh (J. LowEf) ; or he may treat the dried 
precipitate, together with the filter-ash, with moderately dilute chlorine- 
free nitric acid at a gentle heat, till complete decomposition has been 
effected (till the undissolved sulphur has a clean yellow appearance), 
filter, wash well, and proceed according to i, a. 


3. Determination as Cyanide of Silver. 

Mix the neutral solution of silver with cyanide of potassium, until 
the precipitate of cyanide of silver which forms at first is redissolved ; 
add nitric acid in slight excess, and apply a gentle heat. If the solu- 
tion contains free acid, this must be first neutralized with potash or 
carbonate of soda. After some time, collect the precipitated cyanide of 
silver on a weighed filter, wash, dry at ioo°, and weigh. For the 
properties of the precipitate, see §82. The results are accurate. 

4. Determination as Metallic Silver . 

a. In the Dry Way. 

Oxide of silver, carbonate of silver, <fcc., are easily reduced by simple 
ignition in a porcelain crucible. In the reduction of salts with organic 
acids, the crucible is kept covered at first, and a moderate heat applied ; 
after a time the lid is removed, and the heat increased, until the whole 
of the carbon is consumed. For the properties of the residue, see § 82. 
The results are absolutely accurate, except as regards salts of silver 
with organic acids ; in the analysis of the latter, it not unfrequently 
happens that the reduced silver contains a minute portion of carbon, 
which increases the weight of the residue to a trifling extent. 

If it is desired to transform chloride ; bromide, or sulphide of silver 
into metallic silver, for the purpose of analysis, they are heated in a 
current of pure hydrogen to redness, till the weight remains constant. 
The process may be conducted in a porcelain crucible or a bulb-tube. 
In the former case, the apparatus described § 108, fig. 79, is used ; in 
the latter the apparatus represented p. 233, with the substitution, of 
course, ^ hydrogen for chlorine. If the bulb-tube is used, it must, 
after ocd&g and before being weighed, be an inclined position, 

so that^|fe aydrogen may be replaced by airfe!Kie results are perfectly 
accurate : ! >I?idide .of .silver cannot be redu<3^|n this way. 

b. InthtWetW<x?y> . ... 

If the solution contains nitrid acid add sulphuric acid, evaporate tu 

all the nitric acid is driven dissolve the sulphate of silver in not 

t Joum. f. prakt, Chem. 77, 73* 


Fogg. Annal. no, 139. 
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water transfer to a weighed porcelain crucible, and place therein a rod 
of cadmium. The reduction soon takes place, and the separated metal 
may he readily removed from the cadmium and united to a coherent 
mass. Warm the latter with the acid fluid till hydrogen ceases to escape, 
wash with hot water by decantation, dry and ignite. Results accurate 
(A. Classen*). Cadmium is preferable to zinc, as the latter generally 
leaves behind a little lead when dissolved in dilute sulphuric acid. 


5. Volumetric Methods. 

I. Gay-Lussac’s. 


This, the most exact of all known volumetric processes, was intro- 
duced by Gay-Lussac as a substitute for the assay of silver by cupella- 
tion, was thoroughly investigated by him, and will be found fully 
described in his work on the subject. This method has been rendered 
still more precise by the researches of G. J. Mulder, to whose exhaust- 
ive monographf I refer the special student of this branch. I shall 
here confine myself to giving the process so far as to suit the require- 
ments the chemical laboratory, taking only for granted that the 
analyst has the ordinary measuring apparatus, &c., at his disposal. 
Mulder’s results will be made use of to the full extent possible under 
these circumstances. 

a. Requistes. 


a. Solution of chloride of sodium. Take chemically pure 
chloride of sodium — either artificially prepared or pure rock-salt — 
powder it roughly and ignite moderately (not to fusion^). Now dis- 
solve 5*4202 grm. in distilled water to 1 litre, measured at 16 0 . 100 c.c. 
of this solution contains a quantity of chloride of sodium equivalent 
to 1 grm. of silver. The solution is kept in a stoppered bottle and 
shaken before use. 

fi. Decimal solution of chloride of sodium. Transfer 50 c.c. 
of the solution described in a to a 500 c.c. measuring flask, fill up to the 
mark with distilled water and shake. Each c.c. of this decimal solution 
corresponds to *001 grm. silver. The measuring must be performed at 
1 6°. The solution is kept as the other. 

7. Decimal silver solution. Dissolve -5 grm. chemically pure 
silver§ in 2 to 3 c.c. pure nitric acid of 1*2 sp. gr., and dilute the solu- 


* Zeitschr. f. anal. Chem. 5, 402. The method proposed by Millon and Com- 
maille (lb. 2, 21%) of precipitating the silver with ammonio-subchloride of copper 
baa been tested by Stas ( 76 . 6, 420) and also by myself, and not found worthy of 

recommendation. 

t Die Silberprobirmethode (see note p. 139). # 

+ On fusion, if the flame can in the least way act upon it, it takes an alkaline 
reaction, sinoe Under the influence of vapor 01 water and carbonic acid, a little 
hydrochloric acid is formed and escapes, while a corresponding quantity of carbon- 
ate of soda remains. . 

§ For the preparation of pore silver Stas recommends the following method : 
lake crude nitrate of silver containing copper, fuse in order to decompose amg nitrate 
platinum which may be pitfHM sa fr d issolve in dilute ammonia, allow toJPcand 48 
hours, filter and dilute till the fll^ddoeBBOt contain mor 


*ater-bath to <5o° or 70Y w&n 31 &esilv&rwill be thrown down as a metallic 
powder, allow to cool and wash by decantation with diluted ammonia till the wash- 
es are free from copper and sulphuric acid. Now digest the metal for several days 
uth strong ammonia, wash, dry, and fuse with a flux of borax and nitrate of soda. 
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tion with water exactly to 500 c.c. measured at 1 6°. Each c.c. contains 
‘001 grm. silver. The solution is kept in a stoppered bottle and protected 1 
against the influence of light. 

d. Test-bottles. These should be of colorless glass, holding easily 
200 c.c., closed with well-ground glass-stoppers, running to a point below. 
The bottles fit into cases blackened on the inside, and reaching up to 
their necks. In order to protect the latter also from the action of light, 
a black-cloth cover is employed. 


b. Principle. 

Suppose we know the value of a solution of chloride of sodium— 
the quantity that is necessary to precipitate a given amount of silver, 
say 1 grm., we are in the position, with the aid of the solution, to 
determine an unknown amount of silver, for if we put x for the unknown 
amount of silver, then 

c.c. of solution used for 1 grm. : c.c. used for x : : 1 grm. : x. 

But if we examine whether 1 eq. chloride of sodium dissolved in 
water actually precipitates 1 eq. of silver dissolved in nitric acid exactly, 
we find that this is not the case.* On the contrary, the clear super- 
natant fluid gives a small precipitate both on the addition of a little solu- 
tion of chloride of sodium, and on the addition of a little silver solution, 
as Mulder has most accurately determined. The value of a solution 
of chloride of sodium in the sense explained above cannot, therefore, 
be reckoned from the amount of salt it contains, by calculating 1 04. 
silver for 1 eq. chloride of sodium, but it can only be obtained by 
experiment. Mulder has shown that the temperature and the degree 
of dilution have some influence, and also that this fact is to be explained 
on the ground of the solvent powder of the nitrate of soda produced on 
the chloride of silver. In the solution thus formed we have to imagine 
NaO,NO e and NaCl with Ag 0 ,N 0 5 in a certain state of equilibrium, 
which on the addition of either NaCl or Ag 0 ,N 0 6 is destroyed, chloride 
of silver bein'g precipitated. 

From this interesting observation it follows, that if to a silver- 
solution we add at first concentrated solution of chloride of sodium, 
then decimal solution drop by drop, till the exact point is reached 
when no more precipitate appears, now, on addition of decimal silver- 
solution, a small precipitate will be again produced ; and if we add the 
latter drop by drop, till the last drop occasions no turbidity, then again 
decimal solution of chloride of sodium will give a small precipitate. 
On noticing the number of drops of both decimal solutions which 
are required to pass from one limit to the other, we find that the same 
number of each are used. Let us suppose that we had added decimal 
solution of chloride of sodium till it ceased to react, and had then used 
20 dropst of decirral silver-solution, till this ceased to produce a 
further turbidity, we must now again add ao drops of decimal solution 
of chloride of sodium, in order to reach the point at which this ceases 
to react/ Were we to add only 10 instead of these 20 drops, wo have 

* If bromide of sodium or potassium is used, complete precipitation would ensue 
on aitdition of an equivalent quantity of silver solution, since bromide ot silver 
not at athsoloble in the supernatant fluid (Stas, Compt. rend. 67, 1 107). 
t Twenty drops from Mulder’s dropping apparatus are equal to 1 c.c. 
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the neutral point, as Mulder calls it —i.e., the point at which both 
silver and chloride of sodium produce equal precipitates. 

We have, therefore, 3 different points to choose from for our final 
reaction : a , the point at which chloride of sodium has just ceased to 
precipitate the silver ; b, the neutral point ; c, the point at which silver- 
solution has just ceased to precipitate chloride of sodium. Whichever 
we may choose, we must keep to it— i.e., we must not uso a different 
point in standardizing the chloride of sodium solution and in performing 
!in analysis. The difference obtained, by using first a and then b is, 
according to Mulder, for 1 grm. silver, at 16 0 , about -5 mgrm. silver; 
by employing first a and then c, as was permitted in the original 
process of Gay-Lussac, the difference is increased to 1 mgrm. 

For our object, it appears most convenient to consider, once for all, 
the point a as the end, and never to finish with the silver-solution. If 
the point has been overstepped by the addition of too large an amount 
of decimal solution of chloride of sodium, 2 or 3 c.c. of decimal silver- 
solution should bo added all at once. The end-point is then found by 
carefully adding decimal solution of chloride of sodium again, and the 
quantity of silver in the silver-solution added is added to the original 
amount of silver weighed off. 


c. Performance of the Process. 

This is divided into two operations— a, the titration of the chloride 
of sodium solution ; /3, the assay of the silver alloy to be examined. 

a. Titration of the Chloride of Sodium Solution. . 

Weigh off exactly from rooi to 1.003 grm. chemically pure silver * 
put it into a test-bottle, add 5 c.c. perfectly pure nitric acid, of 1*2 sp. 
gr., and heat the bottle in an inclined position in a water- or sand-bath 
till complete solution is effected. Now blow out the nitrous fumes 
from the upper part of the bottle, and after it has cooled a little, place 
it in a stream of water, the temperature of which is about 16 , and let 
it remain there till its contents are cooled to this degree, wipe it dry, 

and place it in its case. c . 

New fill the 100 c.c. pipette with the concentrated solution ot 
chloride of sodium, which is then allowed to flow into the test-bottle 
containing the silver-solution.t Insert the glass-stopper firmly (after 
moistening it with water), cover the neck of the bottle with the cap or 
black stuff belonging to it, and shake violently without delay, till the 
chloride of silver settles, leaving the fluid perfectly clear. Then take 
the stopper out, rub it on the neck, so as to remove all chloride o 
silver, replace it firmly, and by giving the bottle a few dexterous turns, 
rinse the chloride down from the upper part. After allowing to rest a 
little, again remove the stopper, and add, from a burette divide in 0 

I 1 ,, c.c., decimal chloride of sodium solution, allowing the drops to tail 

against the lower part of the neck, the bottle being held in an me ine 
position. If, as above directed, 1.001 to 1*003 grm. silver haye been 
employed, the portions of chloride of sodium solution at first added 
amy be £ c.c. After each addition, raise the bottie^ahttle out of it^ 
case, observe the amount of precipitate produced, shake till tne fluid 


, t The pipette, having been filled^bote the mark, shou1 ^ EtfL 

before the excess is allowed to rim out, otherwise the measuring 
dently accurate. 
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has become clear again, and proceed as above, before adding each fresh 
quantity of chloride of sodium solution. The smaller the precipitate 
produced, the smaller should be the quantity of chloride of sodium next 
added ; towards the end only two drops should be added each time ; and 
quite at the end read off the height of the fluid in the burette before 
each further addition. When the last two drops give no more precipitate, 
the previous reading is the correct one. 

If by chance the point has been overstepped, and the time has been 
missed for the proper reading off of the burette, add 2 to 3 c.c. of the 
decimal silver solution (the silver in which is to be added to the quan- 
tity first weighed), and try again to hit the point exactly by careful 
addition of decimal chloride of sodium solution. 

The value of the chloride of sodium solution is now known. Reckon 
it to 1 grm. silver. 

Suppose we had used for 1*002 grm. silver, 100 c.c. of concentrated 
and 3 c.c. of decimal chloride of sodium solution ; this makes altogether 
1 oo # 3 concentrated ; then 

1*002 : i*ooo : : 100*3* x 

x -■ 100*0998. 

We may without scruple put ioo*i for this number. We now know 
that 100*1 c.c. of the concentrated solution of chloride of sodium, 
measured at 1 6°, exactly precipitates 1 grm. of silver. This relationship 
serves as the foundation of the calculation in actual assaying, and must 
be re-examined whenever there is reason to imagine that the strength 
of the chloride of sodium solution may have altered. 

/3. The actual assay of the Silver- Alloy. 

Weigh off so much as contains about 1 grm. of silver, or better, a 
few mgrm, more ;* dissolve in a test-bottle in 5 to 7 c.c. nitric acid, and 
proceed in all respects exactly as in a. 

Suppose we had taken 1*116 grm. of the alloy, and in addition to 
the 100 c.c. of concentrated chloride of sodium solution, had used 5 c.c. 
of the 'dilute ( = *5 concentrated), how much silver would the alloy 
contain? 

Presuming that we use the same chloride of. sodium solution which 
served as our example in a, ioo*i c.c. of which - 1 grm. silver, then 

- 100*1 : 100*5 : : rooo : x 

x — 1*003996 (say 1*004). 

We may also arrive at the same result in the following manner : — 

• ‘ NaCl Solution. 

For the precipitation of the silver m the alloy were used 100*5 c.c. 

For 1 grm. silver are necessary . . . . , . . . * . ioo*i c.c. 

Difference . , . , . *4 c * c * 

* In coiUs containing 9 parts of silver and r pai&of copper, therefore take about 
rm 0M**j0. In weighing off alloys of silver an^aobper, which do not correspond 
to the formal Ag,Cu 4 (standard remember that they are never 
homogeneous in the maw ; thns, for lnst&n^thepiecea of metal, from which corns 
are stamped, often show I *5 td 1*7 in a thousand more silver in the middle than ai 
the edges. In assaying alloys, then, portions from various parts of the mass mps 
be taken, in order to get a correct result. The inaccuracy, however, proceeding 
from the cause above-mentioned, can only be completely overcome by fusing 
alloy and taking out a portion from the well-stirred mass for the assay. 
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There are, therefore, 4 mgrm. of silver present more than a grm., on 
the presumption that • 1 of the concentrated chloride of sodium solution 
^ - 1 c.c. of the decimal solution) corresponds to 1 mgrm. silver., This 
.supposition, although not absolutely correct, may be safely made, for 
the inexactness it involves is too minute, as is evident from the previous 
calculation. 

Before we can execute this process -exactly, we must know the 
quantity of silver the alloy contains very approximately. In assaying 
coins of known value this is the case, hut with other silver alloys it is 
usually not so. Under the latter circumstances an approximate esti- 
mation must precede the regular assay. This is performed by weigh- 
ing off £ grm. (or in the case of alloys that are poor in silver, 1 grm.), 
dissolving in 3 to 6 c.c. nitric acid, and adding from the burette chloride 
of sodium solution, — first in larger, then in smaller quantities — till the 
last drops produce no further turbidity. The last drops are not reckoned 
with the rest. The operation is conducted, as regards shaking, &c., as 
previously given. Suppose we had weighed off *5 grm. of the alloy, 
and employed 25 c.c. of the chloride of sodium solution — taking the 
above supposed value of the latter — 

We have ioo*i : 25 : : i*ooo : x 

#=•2497 

that is, the silver in *5 grm. of the alloy ; and as to the quantity of alloy 
we have to weigh off for the assay proper, 

We have '2497 : 1*003 • : '5 : x 

x= 2*008. 


This quantity will, of course, require more nitric acid for solution 
than was previously used (use 10 c.c.). In cases where the highest 
degree of accuracy is not required, the results afforded by this rough 
preliminary estimation will be accurate enough, if the experiment is 
carefully conducted, since they give the quantity of silver present to 
within or 

With alloys which contain sulphur, and with such as consist ot gold 
and silver, and contain a little tin, Levol* employs concentrated sul- 
phuric acid (about 25 grm.) as solvent. The portion of the alloy is 
boiled with it till dissolved ; after cooling, the fluid is treated in the 
usual manner. As, however, concentrated sulphuric acid fails to dis- 
solve all the silver when there is much copper present, Mascazzin it 
digests the weighed portion of alloy (which may contain small quan- 
tities of lead, tin, and antimony, besides gold) first with the least 
possible amount of nitric acid, as long as red vapors are formed ; ho 
then adds concentrated sulphuric acid, boils till the gold has settled 
well together, adds water after cooling, and then titrates. In the 
presence of mercury, the chloride of that .metal is carried down with 
f he silver, rendering the method inaccurate. If the quantity of mercury 
is hut small, you may “Afe over the difficulty by adding 25 c.c. 
ammonia and 20 c.c. acetic\acid (Levol). The acetate of ammonia 
acts by decomposing the cbftfftfe-jof mercury, and thus prev^tlng its 
precipitation (DbbrayJ). If ’quantity of mercury is 

addifinr. ii — and 


addition of an alkaline acetate is not effective, and Debray recommends 


. Antial. de Chim. et de Phys. (3) 44 > 347 - 
+ Chem. Centralbl. 1857, 300. i ( -ompt. rend. 70, 849. 
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to drive off the mercury by igniting for four hours in a small crucible 
of gas carbon in a muffle. The presence of other volatile metals, such 
as zinc, does not interfere with this operation. 

II. Pisani’s Method.* 

This process depends on the following reaction : a solution of iodide 
of starch added to a very dilute neutral solution of nitrate of silver, 
forms iodide of silver and hypoiodite of silver. The blue color con 
sequently vanishes, and on continued addition of the iodide of starch, 
the fluid does not become permanently blue till all the nitrate of silver 
present is decomposed in the above manner. The iodide of starch 
solution used is therefore proportional to the quantity of nitrate of 
silver. Hence, if the value of the iodide of starch solution be deter- 
mined, by allowing it to act on a certain amount of silver solution of 
known strength, we shall be able to estimate unknown quantities of 
silver with the greatest ease, provided that the silver solution is free 
from all other substances which exert a decomposing action on the iodide 
of starch. Besides the ordinary reducing agents, the following salts 
must be especially mentioned as possessing this power : the salts of sub- 
oxide and protoxide of mercury, of protoxide of tin, of teroxide of anti- 
mony, of arsenious acid, of protoxide of iron and of protoxide of manga- 
nese, also chloride of gold ; salts of lead and of copper, on the other 
hand, do not affect iodide of starch. 

The iodide of starch is prepared as follows : make an intimate mix- 
ture in a mortar of 2 grm. iodide and 15 grm. starch with the addition 
of 6 to 8 drops of water, and heat the slightly-moist mixture in a closed 
flask in a water-bath, till the original violet-blue color has passed into 
dark grayish-blue— it takes about an hour. The iodide of starch thus 
prepared is then digested with water ; it dissolves completely to a deep 
bluish-black fluid. 

The value of this fluid is determined by allowing it to act on 10 c.c. 
of a neutral solution of nitrate of silver, containing 1 grm. of pure 
silver in 1 litre, — the silver solution is mixed with a little pure pre- 
cipitated carbonate of lime before adding the iodide of starch. The 
strength of this latter is right, if 50 to 60 c.c. are used in this experi- 
ment. On adding it, at first the blue color disappears rapidly, and the 
fluid becomes yellowish from the iodide of silver. The end of the 
operation is attained as soon as the fluid is bluish-green. The point is 
pretty easy to hit, and an error of *5 c.c. is of no importance, as it only 
corresponds to about -oooi grm. silver. The carbonate of lime, besides 
neutralizing the free acid, has the effect of rendering the final change 
of the color more distinctly observable. To analyse an ^lloy of silver 
and copper, dissolve about *5 grm. in nitric acid, dilute to 100 c.c. to 
lower the color of the copper, saturate 5 o.c, with carbonate of lime, 
and add iodide of starch till the coloration appears. Or, you may de- 
termine, very approximately the amount of silver in 2 c.c. of the solu- 
tion, then precipitate the greater part (abotit 99#) of the silver from 50 
c.c. of the solution with standard solution of iodide of potassium and 
without filtering estimate the remainder of the silver by means of 
iodide of starch. If the amount of silver to be determined is more 
chan *020 grm., it is always better to employ the latter method. I 11 

# Annal. d. Min, 10, 83. 
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the case of a nitric acid solution containing silver with lead, the latter 
metal is first precipitated with sulphuric acid and filtered off, carbonate 
of lime is added to the filtrate till all free acid is neutralized, the fluid 
is filtered again (if necessary), and lastly, more carbonate of lime is 
added, and then the iodide of starch. Very dilute solutions must be 
concentrated, so that one may have no more than from 50 to 100 c.c. to 
deal with. The method is worthy of notice and specially suited for 
the estimation of small quantities of silver. With such it has afforded 
me perfectly satisfactory results. Instead of the standard iodide of 
starch, a dilute standard solution of iodine in iodide of potassium may 
be equally well employed, — with addition of starch solution (Field*). 
If this is used you must bear in mind that any substance which 
decomposes iodide of potassium with separation of iodine will in- 
terfere. 

The above method has been modified by H. VoGELf mainly with 
the view of adapting it to the use of photographers. To the silver 
solution, which may contain free acid, nitric acid containing nitrous 
acid is added; the latter being prepared by mixing 1000 grm. nitric 
acid of 1 '2 sp. gr. with 1 grfti. sulphate of iron. Starch solution is 
also added, and then standard solution of iodide of potassium till a 
permanent blue color is produced. This of course does not occur till 
the whole of the silver is precipitated, partly as iodide, partly as iodate. 
The decomposition is as follows : KI + AgO,NO fi = KO,NO fi + Agl and I a 
+ 6AgO,NO 0 = AgO,IO ft + 5AgI. In both cases 1 eq. iodine precipitates 
1 eq. silver. The standard solution is prepared by dissolving 10 grm. 
pure dry iodide of potassium to 1023*4 c.c.; 1 c.c. indicates *oi grm. 
silver. From my own experiments it appears that the method is ex- 
peditious but not accurate. The same quantities of silver will require 
distinctly varying quantities of iodide of potassium when the conditions 
are altered, especially the concentration and the amount of free nitric 
acid ; this is evidently connected with the formation of iodate of silver 
which is not quite ^insoluble in the acid fluid. 

III. Method depending on the action of nitrate of silver on 

CIILORIDE OF SODIUM IN THE PRESENCE OF CHROMATE OF POTASSIUM. 

This is the reverse of the method for the estimation of chlorine 
§ Hi, b } a, and will be described in that place. 

§ 116. 

2. Oxide of Lead. 

«. Solution ., 

Few of the salts of lead are soluble in water. Metallic lead, oxide 
?f lead, and most of the salts Of lead that are insoluble in water dissolve 

dilute nitric acid. Concentrated nitric, acid effects neither complete 
decomposition nor complete solution, since, owing to the insolubility 

nitrate of lead in concentrated nitric acid, the first portions of nitrate 
ormed protect the yet undecomposed parts of the salt from the action 
of the acid. For the solubility of chloride and sulphate of lead, see 
$ 83* As we shall see below, the analysis of these compounds 

* Chem. News, 2, 17. 

t Pogg. Ann. 124. 347; Zeitschr. f. anal. Chem. 5, 227. 
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may be effected without dissolving them. Iodide of lead dissolves 
readily in moderately dilute nitric acid upon application of heat, with 
separation of iodine. Solution of potassa is the only menstruum in 
which Chromate of lead dissolves without decomposition ; for the 
purpose of analysis, the chromate is best converted into the chloride 
(see below). 

b. Determination . 

Lead may be determined as oxide , sulphate , chromate , sulphide , 
chloride, sb oxide oflead + lead, or as lead ; also by. volumetric analysis. 

We may convert into 

1. Oxide op lead : . , , ,, . 

a. By Precipitation. All salts of lead soluble m water, and those of 

its salts which, insoluble in that menstruum, dissolve m nitric acid, with 
separation of their acid. 

b. By Iqnition. 

a. Salts of lead with readily volatile or decomposable inorganic 
acids. 

0 . Salts of lead with organic acids. 

2. Sulphide of lead : All salts of lead in solution. 

7 . Sulphate of lead : 

a. By Precipitation. The salts that are insoluble in water, but soluble 
in nitric acid, whose acid cannot be separated from the solution. 


b. By Evaporation. 

а. All the oxides of lead, and also the salts of lead with volatile 
acids. 

0. Many of the organic compounds of lead. 

4. Chromate of lead : The compounds of lead soluble in water or 
nitric acid. 

5. Chloride of lead: Chromate of lead. 

б. Oxide of lead + lead : Many of the organic compounds of 
lead. 

7. Lead: The oxides and most of the salts of lead including tie 
chloride, bromide and iodide. 

The volumetric methods are rarely available. 

The application of these several methods must not be understood to 
be rigorously confined to the compounds specially enumerated unt or 
their respective heads ; thus, for instance, all the compounds enuine 
rated un der 1, may likewise be determined as sulphate of lead ; an > a s 
above mentioned, all soluble compounds of lead may be converted m 0 
sulphide of lead. Chloride, bromide, and iodide of lead may be decom- 
posed bv boiling with solution of carbonate of soda ; by passing carbon^ 
acid through the solution after cooling, the small quantity of leaf u 
tained Will he precipitated. The higher bxides of lead are reduced, 
ignitihh to the state of simple oxide, ^: may thus be readily analys 
and dissolved. Should the operate W^sh to avoid having recourse 
ignition, the most simple mode of dissolving the higher oxides 0 
is to act upon them with dilute nitric acid, with the addition of aicoi ^ 
For the methods of analysing sulphate and chromate of lead, l reI ° 
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the paragraphs treating of the corresponding acids, in the second part 
of this Section. 

i. Determination as Oxide. tfc 

a. By Precipitation. 

Mix the moderately dilute solution with carbonate of ammonia 
slightly in excess, add some caustic ammonia, apply a gentle heat, 
allow to cool and filter through a small thin filter. Wash with pure 
water, dry, and transfer the precipitate to a watch-glass, removing it 
as completely as possible from the filter : burn the latter in a weighed 
porcelain crucible. After the crucible is cold, moisten the ash with 
nitric acid, allow it to evaporate, ignite gently, allow to cool, add the 
precipitate and ignite gently till all the carbonic acid is driven off. For 
the properties of the precipitate and residue, see § 83. The results are 
very satisfactory, although generally a trifle too low, owing to carbo- 
nate of lead not being absolutely insoluble, particularly in fluids rich in 
ammoniacal salts (Expts No. 42, b). 

b. By Ignition . 

Compounds like carbonate or nitrate of lead are cautiously ignited in 
a porcelain crucible, until the weight remains constant. Nitrate of lead 
must be very completely dried, before being ignited, or loss may occur 
from decrepitation. For the manner of converting salts of lead with 
organic acids into oxide, see 6. 

2. Determination as Sulphide. 

Lead may be completely precipitated from acid, neutral and alkaline 
solutions by sulphuretted hydrogen, and also from neutral and alkaline 
solutions by sulphide of ammonium. Precipitation from acid solution 
is usually employed, especially in separations. A large excess of acid 
and also warming should both be avoided. The former is prejudicial to 
complete precipitation (§ 83,/), the latter may readily occasion the re- 
solution of the sulphide that has already been precipitated. In order 
to guard against incomplete precipitation, before filtering, test a portion 
°f the supernatant fluid by mixing with a relatively large quantity of 
strong sulphuretted hydrogen water. 

If the fluid contained no hydrochloric acid or metallic chloride, the 
sulphide of lead is pure. After it has been filtered off, washed with 
cold water and dried, it is transferred, together with the filter-ash, to a 
porcelain crucible, a little sulphur added, and ignited in hydrogen at 
gentle redness till its weight is constant. It should always be allowed 
to cool in a current of the gas, before being weighed. As regards the 
apparatus, see § 108, 2, fig. 79. For the properties of the residue, see 
§83,/. The results are satisfactory (H. Rose). The heat of the igni- 
tion must dot be too low, or the residue will contain too much sulphur, 
“too high, or the sulphide of lead will begin to volatilize, and disul- 
phide of lead will also be formed with loss of sulphuretted hydrogen, 
^ingthe precipita^at iob^cannot be recommended (§ 83, f). If 
u on the contrary, contained hydrochloric acid or a metallic 
chloride, the sulphide, of lead obtains chloride which cannot be re- 
moved even by boiling the precipitate with sulphide of ammonium. If 
the precipitate were treated as above, we should obtain a tolerably pure 
sulphide, but not without, loss from volatilization of chloride. A preci- 
pitate of this kind must therefore be decomposed with strong hydro- 
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chloric acid, the solution evaporated to dryness, the residue dissolved by 
heating with a concentrated solution of acetate of soda, and this solu- 
tion diluted and poured with stirring into excess of strong sulphuretted 
hydrogen water. Or the chloride of lead obtained may be evaporated, 
heated to 200°, and weighed as such (Finkener*). 

3. Determination as Sulphate. 

a. By Precipitation. 

a. Mix the solution (which should not be over dilute) with mode- 
rately dilute pure sulphuric acid slightly in excess, and add to the mix- 
ture double its volume of spirit of wine ; wait a few hours, to allow the 
precipitate to subside ; filter, wash the precipitate with spirit of wine, 
dry, and ignite after the method described in § 53. Though a careful 
operator may use a platinum crucible, still a thin porcelain crucible is 
preferable. See also the remarks, 1 a. 

ft. In cases where the addition of spirit of wine is inadmissible, a 
greater excess of sulphuric acid must be used, and the precipitate, which 
is allowed some time to subside, filtered, and washed first with water 
acidulated with a few drops of sulphuric acid, then repeatedly with 
spirit of wine. The remainder of the process is conducted as in a. 

If the fluid contained nitric acid, whether spirit of wine is used or 
not, it is advisable to evaporate on the water-bath, after the addition of 
the sulphuric acid, till the nitric acid has escaped, otherwise the preci- 
pitation will not be complete. If the fluid contained hydrochloric acid 
or a metallic chloride, chloride of lead is thrown down with the sul- 
phate. In this case you must either evaporate the fluid with excess 
of sulphuric acid and heat the residue till sulphuric acid fumes escape 
to drive off the hydrochloric acid, or you must treat the precipitate and 
filter-ash in the crucible with concentrated sulphuric acid, evaporate and 
ignite to convert it into pure sulphate of lead (FinkenerI*). 

For the properties of the precipitate see § 83. The method a gives 
accurate results ; those obtained by j 3 are less exact (a little too low), 
but still however satisfactory, if the directions given are adhered to. 
If, on the contrary, a proper excess of sulphuric acid is not added, in 
the presence, for instance, of ammoniacal salts, the lead is not com- 
pletely precipitated, and if pure water is used for washing, decided 
traces of the precipitate are dissolved. 

h. By Evaporation. 

a. Put the substance into a weighed dish, dissolve in dilute nitric 
acid, add moderately dilute pure sulphuric acid slightly in excess, and 
evaporate at a gentle heat ; at last high over the lamp, until the excess 
of sulphuric acid is completely expelled. In the absence of organic 
substances, the evaporation may be effected without fear in a platinum 
dish ; but if organic substances are present, a light porcelain dish is 
preferable, With due care in the process of evaporation, the results are 
perf ally |ccurate. >*■ 

^Organic compounds of lead are converted into the sulphate by 
treating ynem in a porcelain crucible, with pure concentrated sulphuric 
acid in excess, evaporating cautiously in the well-covered crucible 
until the excess of sulphuric acid is completely expelled, and igniting 

* Handb. der anal. Chem. von H. Rose, 6 Aufl. von Finkener, 932. 

+ to. 933 - 
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the residue. Should the latter not look perfectly white, it must be 
moistened once more with sulphuric acid, and the operation repeated. 
The method gives , when conducted with great cure , accurate results ; 
a trifling loss is, however, usually incurred, the escaping sulphurous 
acid and carbonic acid gases being liable to carry away traces of the salt. 

4. Determination as Chromate of Lead. 

If the solution is not already distinctly acid render it so with acetic 
acid, then add bichromate of potassa in access, and, if free nitric acid is 
present, add acetate of soda in sufficient quantity to replace the free nitric 
acid by free acetic acid; let the precipitate subside at a gentle heat, and 
collect on a weighed filter dried at ioo°, wash with water, dry at ioo°, and 
weigh. The precipitate may also be ignited according to § 53, but in this 
case care must be taken that hardly any of the salt remains adhering to 
the paper, and that the heat is not too high. For the properties of the 
precipitate, see § 93, 2. The results are accurate. (Expt. No. 68.) 

5. Determination as Chloride of Lead . 

Mix the solution with hydrochloric acid in excess, concentrate 
strongly on the water-bath, treat the residue with absolute alcohol 
mixed with a little ether, let the precipitate subside, filter and wash 
with alcohol mixed with ether. The chloride of lead may be either 
dried at ioo° (being collected on a weighed filter) or treated according 
to § 53. In the latter case a porcelain crucible is used, and care is 
taken that the least possible amount of the salt remains adhering to 
the filter and that the heat is not raised beyond 200°. This method is 
had recourse to in certain separations. 

6 . Determination as Oxide of Lead + Lead. 

Heat from one to two grm. of the organic compound of lead in a 
small weighed porcelain dish very gently, taking care to make the heat 
act first upon the rim of the dish, so that the ensuing decomposition 
may begin on one side, and proceed slowly. Wiien the whole mass is 
perfectly decomposed, increase the heat a little, and continue until no 
more glowing particles are perceptible, and the residue forms a mixture 
of oxide of lead with globules of metallic lead, free from carbon. 
Weigh the residue ; then heat it with acetic until the oxide is com- 
pletely dissolved, which does not take long; pour off the solution now 
from the metallic lead, and wash the latter by repeated decantation ; 
remove the last traces of water by heat, and weigh the residuary 
metallic lead. By subtracting the weight of the metal from that of the 
original residue, you will find the quantity of oxide of lead which was 
present in that residue ; and by calculating the proportion of metal 
contained in the oxide, and adding the resulting number to the weight 
of the metallic lead, you will obtain the total amount of that metal 
originally present in the analysed compound. This method is very 
convenient, and, if properly and carefully executed, gives very accurate 
results. The operator must take care to conduct the decomposition of 
the organic compound very slowly, since the rapid combustion of its 
carbon and hydrogen at the expense of the oxygen of the oxide of lead, 
^ould produce so high a temperature as to volatilize a portion of the 
lead in visible fumes. If the residue is not perfectly free from carbon — ■ 
^hich will always be detected in heating it with acetic acid— this will 
^nd to give a higher number. 
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This method was originally introduced by Berzelius. Dulk has 
recommended the following modification : — The compound to be 
analysed is gently heated, in a covered porcelain crucible, until the 
organic substance is complely carbonized ; the lid is then removed, 
and the mass stirred with a piece of iron wire. Upon this, the mass 
begins to ignite, and a mixture of oxide of lead with metallic lead 
results, which may still contain unconsumed carbon. A few pieces of 
recently fused nitrate of ammonia are now thrown into the crucible, 
which has previously been removed from the flame, and the lid is again 
put on. The salt fuses, oxidizes the lead, and converts it partly into 
nitrate. The crucible is now exposed to a red heat, until no more 
fumes of hyponitric acid escape. The residuary oxide is then weighed. 
This method possesses the advantage of insuring the complete com- 
bustion of the whole of the carbon ; it saves also some trouble in weighing 
and calculating. The results are quite satisfactory. 

7. Determination as Lead. 

a. The following method serves for the analysis of the oxide and 
most compounds of lead, such as the sulphate and phosphate, but not 
the chromate. Sulphide of lead is decomposed with difficulty. Fuse the 
substance with four or five times its weight of cyanide of potassium, pre- 
pared by Liebig’s process, in a covered and well-glazed porcelain cru- 
cible. After cooling treat with water, decant the fluid rapidly from the 
reduced lead, wash with water, then with dilute, and finally with strong 
spirit, dry and weigh. Occasionally we get a single globule of load, 
but usually several small globules, mixed with a metallic powder. 
After weighing dissolve the lead in warm dilute nitric acid. If a 
residue remains (portions of the glaze of the crucible) determine its 
weight and deduct it (H. Rose*). 

b. From soluble and insoluble salts of lead, especially from the 
* chloride and sulphate, the lead may be separated by zinc or cadmium. 

To this end the substance is warmed with water and some hydrochloric 
acid in a water-bath, and a smooth piece of zinc or cadmium (soluble in 
hydrochloric acid without residue) is put into the fluid. The reduction 
commences at once, the lead deposited on the zinc is removed from 
time to time with a rod, and more hydrochloric acid is added as neces- 
sary. If the zinc, after having been freed from lead, remains bright 
for some time, and if a small portion of the solution gives no preci- 
pitate or coloration with sulphuretted hydrogen, the precipitation is 
complete. The zinc or cadmium is removed, the fluid is poured off, ami 
the spongy lead is washed by decantation rapidly and thoroughly with 
spring water ; distilled water would dissolve traces of lead. To pre- 
vent the Spring water from precipitating the zinc or cadmium add 
to it some, tincture of logwood, and then very dilute sulphuric acid, till 
the ^red color has just turned yellow, ^e , spongy lead cannot be 
dried without the formation ,of hydratedigande, hence you may either 
dry at 150?: to 200°, weigh the mixture qf dead and oxide, determine the 
latter voltuhetrically acoording to jb ^ iaod find the amount of oxygen 
which has to be ded**eted Ispm weighed mixture; or you may 
dissolve in nitric acid, and determine the lead as sulphate according to 
3, b (STOLBAt). 

* Pogg. AnnaL 91, 104. 

f Journ. f. prakt. Chem. 101, 150; Zeitschr. f. anal. Chem. 7, 102. 
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8; Determination of Lead by Volumetric Analysis . 

Although there is no lack of proposed methods for the volumetric 
estimation of lead, we are still without a really good method for prac- 
tical purposes, that is, a method which can be generally employed, and 
which is at the same time simple and exact. For the present, there- 
fore, in almost all cases the gravimetric determination of lead is to be 
preferred to the volumetric. On my- own part, at least, I cannot see 
that it is easier or any better, when one has the precipitate washed, to 
subject it to a volumetric process — whereby the accuracy is necessarily 
diminished — instead of igniting it gently and weighing. For this 
reason, the better volumetric methods will be but briefly described, the 
rest being altogether omitted. 

a. The solution of the neutral lead salt must be free from alkaline 
salts, more especially from ammonia salts. It is precipitated with oxalic 
itcid (not with oxalate of ammonia), the well-washed precipitate is dis- 
solved in nitric acid, sulphuric acid added, and the oxalic acid in the 
solution determined by permanganate of potassa (§ 137) ITempel. 

b. H. Schwarz’s method.* To the nitric acid solution add am- 
monia or carbonate of soda, as long as the precipitate redissolves on 
shaking, mix with acetate of soda in not too small quantity, and then 
run in from a burette a solution of bichromate of potash (containing 
14761 grm. in the litre) till the precipitate begins to settle rapidly. 
Now place on a porcelain plate a number of drops of a solution of neutral 
nitrate of silvep, and proceed with the addition of chromate, two or 
three drops at a time, stirring carefully after each addition. When the 
precipitate has settled tolerably clear, which takes only a few seconds, 
remove a drop of the supernatant liquid and mix it with one of the 
drops of silver on the plate. A small excess of chromate gives at once 
a distinct red coloration; the precipitated chromate of lead does not act 
on the silver solution, but remains suspended in the drop. The number 
of c.c. of solution of chromate used ( minus *i which Schwarz deducts 
for the excess) multiplied by *0207 = the quantity of lead. If the fluid 
appear yellow before the reaction with the silver salt occurs, acetate of 
soda is wanting. In such a case first add more acetate of soda, then 
1 c.c. of a solution containing *0207 lead in 1 c.c., complete the process 
in the usual way, and deduct 1 c.c. from the quantity of chromate used 
on account of the extra lead added. Any iron present must be in the 
form of sesquioxide ; metals whose chromates are insoluble, must be 
removed before the method can be employed. 

c. The lead is precipitated according to 1, a , the carbonate (its 
composition is a matter of indifference in the present case) is washed, 
dissolved in a measured quantity of normal nitric acid (§215), and a 
neutral solution of sulphate of soda added, whereby sulphate of lead is 
precipitated and an equivalent quantity of nitrate of soda formed. If 
the nitric acid still free ishow determined with normal alkali, we shall 
find the quantity of acid i&tji has been neutralized by means of the 
load, each 1 c.c. of normal jiitric acid that has been so. neutralized 
~ * I0 3 S had. You may ahd x $^mine the free nitric acid by adding 
normal carbonate of soda (53*0^ of ibhe anhydrous salt in 1 litre), till 
the vessel being on a black surface, a permanent turbidity is visible* 
Results good (F. MoHRt), 

* Dingl. polyt. Journ. 169,284. 
f His Lehrbucn der Titrirmethode, 3 Aufl. 115. 
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3. Suboxide of Mercury. 

a . Solution . 

Suboxide of mercury and its compounds may generally be dissolved 
by means of dilute nitric acid, but without application of beat if con- 
version of any of the suboxide into oxide is to be avoided. If all that 
is required is to dissolve the mercury, the easiest way is to warm tha 
substance for some time with nitric acid, then add hydrochloric acid, 
drop by drop, and continue the application of a moderate heat until a 
perfectly clear solution is produced, which now contains all the mercury 
as oxide and chloride. Heating the solution to boiling, or evaporating 
must be carefully avoided, as otherwise chloride of mercury may escape 
with the steam. 

b. Determination . 

If it is impracticable to produce a solution of the suboxide or its 
compounds perfectly free from oxide, and it becomes accordingly neces- 
sary to convert the mercury completely into oxide, the latter is deter- 
mined as directed § 118. But if a solution of suboxide has been 
obtained, quite free from oxide, the determination of the suboxido may 
be based upon the insolubility of subchloride of mercury, and effected 
either gravimetrically or volumetrically. The process of determining 
mercury, described § 118, 1, a, may, of course, be applied equally well 
in the case of compounds of suboxide of mercury. 

1. Determination as Subchloride of Mercury. 

Mix the cold highly dilute solution with solution of chloride of 
sodium, as long as a precipitate forms; let the precipitate subside, 
collect on a weighed filter, dry at ioo°, and weigh. For the properties 
of the precipitate, see § 84. Besults accurate. If the solution of sub- 
oxide of mercury contains much free nitric acid, the greater part of 
this should be neutralized with carbonate of soda before adding tho 
chloride of sodium. 

2. Volumetric Methods. 

Several methods have been proposed under this head : the following 
# are those which are most worthy of recommendation : — 

a. Mix the cold solution with decinormal solution of chloride of 

sodium (§ 141, by a) f until this no longer produces a precipitate, and is 
accordingly present in excess ; filter and wash thoroughly, taking care, 

however, to limit the quantity of water used; add a few drops of 
solution of chromate of potassa, then pqre carbonate of soda, sufficient 

to impart a light yellow tint to the fluid, and determine by means of 

solution of nitrate of silver (§,141, b 9 a ) the quantity of chloride of 

sodium in solution, consequently the quantity which has been added m 

excess ; this shows, of course, also the amount of chloride of sodium 

consumed in effecting the precipitation. One equivalent of Hg 2 0 2 * * * * * * * * * * * * lS 

reckoned for every equivalent of NaCl, consequently for every c.c. or 

the decinormal solution of chloride of sodium, *020& grm. of suboxide 0 

mercury. As filtering and washing form indispensable parts of th® 

process, this method affords no great advantage over the gravimetric 
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however, the results are accurate (Fr. Mohr*), The two methods, 
i and 2, a, may also be advantageously combined. 

b. Precipitate the solution of suboxide of mercury, f according to i, 
with chloride of sodium in a stoppered bottle, allow to subside, filter, 
wash, push a hole through the bottom of the filter, and rinse the pre- 
cipitate into the hottle, which usually has some of the washed subchloride 
adhering to its inside. Add a sufficient quantity of solution of iodide of 
potassium, together with standard iodine solution (to i grm. Hg a Cl about 
2’i grm. KI and ioo c.c. T x o normal iodine solution:}:), insert the stopper, 
and shake till the precipitate has entirely dissolved [Hg a Cl + 3KI + I 
= 2(HgI,KI) + KOI], As iodine is in excess, the solution appears brown. 
If any iodide of mercury separates add iodide of potassium to redissolve 
it. Now add from a burette solution of hyposulphite of soda — correspond- 
ing to decinormal iodine solution — till the fluid is decolorized and 
appears like water, transfer to a measuring flask, rinse and fill up to 
the mark, shake, take out an aliquot part, add starch paste to it, and 
determine the excess of hyposulphite of soda with ^ iodine solution. 
After multiplying by the proper number, add the c.c. originally employed, 
subtract the c.c. of hyposulphite used, and reckon the quantity of 
mercury from the remainder. 1 eq. iodine = 1 eq. IIg a Cl. Results good 
(Hempel§). 


§ 118. 

4. Oxide of Mercury. 

a. Solution . 

Oxide of mercury, and those of its compounds which are insoluble 
in water, are dissolved, according to circumstances, in hydrochloric 
acid or in nitric acid. Sulphide of mercury is heated with hydrochloric 
acid, and nitric acid or chlorate of potassa added until complete solu- 
tion ensues ; or it is suspended in dilute potassa, gently warmed, and 
chlorine gas passed through (H. Rose). When a solution of chloride 
of mercury is evaporated on the water-bath, chloride of mercury 
escapes with the aqueous vapor. This circumstance must not be lost 
sight of in effecting the solution of compounds of mercury. It is from 
this cause that the method proposed by Vohl|| gives quite inaccurate 
results. Fa. Mohr^[ too and R. Rieth** have not paid enough regard 
to this source of error. 

& ^termination. 

Mercury may be weighed in the metallic state y or as subcMoride , 
sulphide, or oyide (§ 84) ; in separations it is sometimes determined as 
loss on ignition. It may also* be estimated volumetrically. 

The first three methods may be used in almost all cases ; the deter- 
mination as oxide, on the contrary, is only possible in compounds of 
the oxide or suboxide with nitric acid. The methods by which the 
mercury is determined as subchloride or sulphide are to be preferred 
before those in which it is separated in the metallic form. The volu- 
metric methods are only of very limited application. 

, T£ * Lehrbuch der Titrirmethode, 3 Aufl. 395. 

t If oxide of mercury is also present, see § 118, 2. + See § 146, 2. 

„ § Annal. d. Chem. u. Pharm. no, 176. II lb. 94, 220. 

« His Lelirbuch der Titrirmethode, 3 Aufl. 208. ** His Volumetrie, 225. 
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i. Determination as Metallic Mercury* 
a. In the Dry Way. 

The process is conducted in the apparatus illustrated by fig. 84. 
Take a tube 45 cm. long, and about 12 mm. wide made of difficultly 
fusible glass, and sealed at one end. First put into the tube a layer 
6 cm. long of a mixture of bicarbonate of soda and powdered chalk. 


Fig. 84. 

then a layer of quick-lime, these two will occupy the space from a to b. 
Then add the intimate mixture of the substance with an excess of 
quick-lime ( 5 -c), then the lime-rinsings of the mortar ( c-d ), then a 
layer of quick-lime ( d-e ) and lastly, a loose stopper of asbestus (e-f). 
The anterior end of the tube is then drawn out, and bent at a some- 
what obstuse angle. The manipulations in the processes of mixing and 
filling being the same as in organic analysis, they will be found described 
in detail in the chapter on that subject. 

A few gentle taps upon the table are sufficient to shake the contents 
of the tube down so as to leave a free passage through the whole 
length of the tube. The tube, so prepared and arranged, is now placed 
in a combustion furnace, the point being inserted into a flask contain- 
ing water, the surface of which it should just touch, so that the opening 
may be just closed. 

The jbube is now surrounded with red-hot charcoal, in the same 
way as in organic analysis, proceeding slowly from e to a, the last 
traces of mercurial vapor being expelled by heating the mixture at the 
sealed end of the tube. Whilst the tube still remains in a state of 
intense ignition, the neck is cut off at f, and carefully and completely 
rinsed into the receiving flask, by means of a washing-bottle. The 
small globules of mercury which have distilled over are united into a 
large one, by agitating the flask, and, after the lapse of some time, the 
perfectly clear water is decanted, and the mercury poured into a 
Weighed porcelain crucible, where the greater portion of the water still 
adhering to it is removed with blotting-paper. The mercury is then 
finally dried under a bell-jar, over concentrated sulphuric acid, until 
the weight remains constant. Heat must not be applied. For the 
propertied of the metal, see § 84. In the case of sulphi^ m order to 
avoid the presence of vapor of water in the tube which *frodld give rise 
to the formation of sulphuretted hydrogen, the mixtojjpd of bicarbonate 
of soda and chalk is replaced by magnesit^ Iodide iff mercury cannot 
be compfttty decomposed by lime. To iaiialyse this in the dry way, 
substitut^nely divided metallic copper lot the lime (H. Bose*). The 
accuracy of the results i» ' entirely -dependent on the care bestowed. 
The most highly accurate' results are, however, obtained by the appli- 
cation of the somewhat more complicated modification adopted by 
Erdmann and Marchand for the determination of the atomic weight 
# Pogg, Annal. no, 546. 
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of mercury and of sulphur. For the details of this modified process, 1 
refer to the original essay,* simply remarking here, that the distillation 
is conducted in a combustion tube in a current of carbonic acid gas, 
and that the distillate is received in a weighed bulb apparatus with the 
outer end filled with gold-leaf, to ensure the condensation of every 
trace of mercury vapor. This way of receiving and condensing may be 
employed also in the analysis of amalgams (KoNiaf). 

b. In the Wet Way. 

The precipitating flask must be absolutely clean, and had best be 
purified with hot potash. The solution, free from nitric acid, and 
mixed with hydrochloric acid, is precipitated, with an excess of a fresh 
solution of protochloride of tin, containing hydrochloric acid; the 
mixture is boiled for a short time, and the flask is loosely closed. After 
cooling and standing for some time, the perfectly clear supernatant fluid 
is decanted from the v metallic mercury, which, under favourable circum- 
stances, will be found united into one globule ; if this is the case, the 
globule of mercury may be washed at once by decantation, first with 
water acidulated with hydrochloric acid, and finally with pure water ; 
it is dried as in a. 

If, on the other hand, the particles of the mercury have not united, 
their union into one globule may as a rule be readily effected by boiling 
a short time with some moderately dilute hydrochloric acid mixed with 
a few drops of prbtochloride of tin (having, of course, previously re- 
moved by decantation the supernatant clear fluid). For the properties 
of metallic mercury, see § 84. 

Instead of protochloride of tin, other reducing agents may be used, 
especially phosphorous acid at a boiling temperature. This method 
gives accurate results only when conducted with the greatest care. In 
general a little mercury is lost. 

2. Determination as Subchloride of Mercury. 

After H. RoS®.£ If nitric acid is present, dilute considerably 
before proceeding. Mix with hydrochloric acid and excess of phos- 
phorous aoid ^OtoJiuned by the deliquescence of phosphorus in moist air), 
allow tokfeand 12 hours in the cold or at a very gentle heat (at all 
events uhder 6o°), collect the mercury, now completely separated as 
subchloride, on a weighed filter, wash with hot water, dry at ioo°, and 
weigh. Results perfectly satisfactory. 

3. Determination as Sulphide of Mercury . 

The solution is sufficiently diluted, acidulated with hydrochloric acid, 
and precipitated with clear saturated sulphuretted hydrogen water (or 
m the case of large quantities, by passing the gas) ; — filter after allow- 
ing the precipitate a short time to deposit, wash quickly with cold water, 
dry at ioo°, and wqigh. Results very satisfactory. 

If from any cause (e.g» fiiresence of sesquioxide of iron, free chlorine, 
°r the like) the precipitate should contain free sulphur, the filter is 
spread out on a glass pl#te, t H^ precipitate removed to a porcelain dish 
by the aid of a jet from the wash-bottle, and warmed for some time 
with a moderately strong solution of sulphite of soda. The filter having 

* Journ. f, prakt. Chem. 31, 385; also Pharra. Centralbl. 1844, 354. 

T Journ. f. prakt. Chem. 70, 64. + Pogg. Annal. no, 529. 
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been in the meanwhile somewhat dried on the glass plate, is replaced 
in the funnel, the supernatant fluid is poured on to it, the treatment 
with sulphite of soda is repeated, and the precipitate (now free from 
sulphur), is finally collected on the filter, washed, dried, and weighed. 
Results good ( J. Lowe*). 

Should the quantity of sulphur mixed with the precipitate be not 
very large, it may removed also as follows : the precipitate is first 
washed with water, and fully dried, then washed repeatedly with bi- 
sulphide of carbon, till a few drops of the washings evaporate on a 
watch-glass without leaving a residue. Test the bisulphide of carbon 
to see if it gives any residue when evaporated. 

Properties of the sulphide of mercury § 84. 

4. Determination as Oxide. 

In the salts of the oxides of mercury, with nitrogen acids, the 
metal may be very conveniently determined in the form of oxide 
(MARiGNAct). For this purpose, the salt is heated in a bulb-tube, of 
which the one end, drawn out to a point, dips under water, the other 
end being connected with a gasometer, by means of which dry air is trans- 
mitted through the tube, as long as the application of heat is continued. 
In this way complete decomposition of the salt is readily effected, with- 
out reaching the temperature at which the oxide itself would be 
decomposed. 

5. Volumetric Methods, 

a. The mercury is precipitated as subchloride, according to 2, and 
the washed precipitate treated as in § 117, 2, b, 

h. After Liebig.J This method is based upon the circumstance 
that phosphate of soda precipitates mercury from solutions of the nitrate, 
but not from solutions of the chloride, in the form of a flocculent white 
precipitate of phosphate, which speedily becomes crystalline; and that 
chloride, of sodium, therefore, readily redissolves this precipitate (as 
long as it remains amorphous), phosphate of soda and chloride of mercury 
being formed. Consequently, if we know the quantity of chloride 
of sodium required to redissolve the precipitate, we learn from this 
also the quantity of the mercury ; since every equivalent of chloride 
of sodium dissolves an equivalent of oxide of mercury (in the form 
of phosphate). 

a. Solution of Chloride of Sodium : The decinormal solution of 
chloride of sodium may be used. Every e.c. of this, containing *00585 
grm. NaCI, corresponds accordingly to *01080 of HgO. 

0. Preparation of the Solution of Oxide of Mercury : According to 
Liebig, this solution — which must, of course, be perfectly free from 
compound»v> gL^ hlorine t iodine, and bromine, and in which all the 
mercury mJPjpe present in the state of oxide— should contain no 
more then wDout *2 grm. oxide of mercury in 10 c.c. Accordingly? if 
a preliminary experiment shows it to have a higher degree of concen- 
tration it is diluted to about this strength. The solution must, more- 
over, contain no foreign metals, nor too much free acid : the addition 
of from 3 to 4 c.c. of a saturated solution of phosphate of soda to 10 c.c. 

* Journ. f. praht. Chem. 77, 73. 
f Jahresber. von Liebig u. Kopp, 1849, 594. 
t Atinal. d. Chen). 11, Pharm. 85, 307. 
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of the solution, must remove all acid reaction. If too much acid is 
present, carbonate of soda must be added until basic salt precipitates, 
which latter is then redissolved by addition of one or two drops of 
nitric acid. 

y. Performance of the Analytical Process : There are two different 
methods recommended, both of which it is best to apply, as the results 
obtained by the former are somewhat too high, those by the latter a 
little too low. The results being combined, the two errors cancel each 
other. 

Method i. Measure off into a beaker io c.c. of the solution of 
mercury, add 3 or 4 c.c. of a saturated solution of phosphate of soda, 
and then immediately, before the precipitate has had time to become 
crystalline, solution of chloride of sodium, until the precipitate is just 
redissolved; the last portions of the solution of chloride of sodium must 
be added very cautiously to avoid addition in excess. 

Supposing you have used 20 ‘5 c.c. of solution of chloride of sodium, 
now — 

Method 2. Measure off 20*5 c.c. of the same solution of chloride 
of sodium, add to this 3 or 4 c.c. of solution of phosphate of soda, and 
then solution of oxide of mercury from a burette, until a permanent 
precipitate just begins to form. Supposing this has taken 10*25 c - c * of 
solution of mercury, then 20*5 + 20*5 = 41 c.c. of solution of chloride 
of sodium have been consumed to 10+ 10*25 = 20*25 c.c. of solution of 
oxide of mercury ; now 1 c.c. of the solution of chloride of sodium cor- 
responds to *oi 080 grm. oxide of mercury, therefore 41 c.c. correspond 
to *4428 grm. oxide of mercury, which quantity is consequently con- 
tained in 20.25 c * c * the analysed solution. 

Liebig has proved by numerous experiments that this course of 
proceeding gives very nearly accurate results; he obtained, for instance, 
•1878 grm. instead of *1870 grm., *174 grm. instead of *1748 grm., 
’1668 grm. instead of *1664 grm., &c. But the method is susceptible 
only of very limited appplication ; for which reason I omit giving a 
description of Fr. Mohr’s modification of the process, which consists in 
the substitution of ferricyanide of potassium for phosphate of soda.* 

c. As regards Personnels method, t which depends on the addition 
of chloride of mercury to standard solution of iodide of potassium, till 
permanent separation of iodide of mercury begins, see my remarks,. 
Zeitschr. f. Anal. Chem, 2, 381. 

§ 

5. Oxide of Copper. 

a. Solution j. 

Many of the compounds of oxide of copper dissolve in water.. 
Metallic copper is best dissolved in nitric acid. Oxide of copper, and' 
those of its salts which are insoluble in water, may be dissolved in 
^tric, hydrochloric, or sulphuric acid. Sulphide of copper is treated 
with fuming nitric acid, or it is heated with moderately dilute nitric 
^id, until the separated sulphur exhibits a pure yellow tint ; addition 
°f a little hydroomoric acid, or chlorate of potassa greatly promotes the- 
^tion of the dilute acid. 

* See his Lehrbuch der Titrirmethode^ ,3 Aufl. 396. 

+ Journ. de Pharm. et de Chim. 43, 477. 
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b. Determination. 

Copper may be weighed in the form of oxide, or in the metallic state , 
or as a subsulphide (§ 85). Into the form of oxide it is converted by pre- 
cipitation, or ignition, sometimes with previous precipitation as sulphide. 
The determination as subsulphide is preceded usually by precipitation 
either as sulphide or as subsulphocyanide. ' Copper may be determined 
also by various volumetric and indirect methods. 

We may convert into 


1. Oxide of copper: 


a. By direct Precipitation as oxide : All salts of oxides of copper 
soluble in water, and also those insoluble salts, the acids of which 
may be removed upon solution in nitric acid, provided no non-volatile 
organic substances be present. 

b. By Precipitation , preceded by Ignition of the compound : Such of the 
salts enumerated under a as contain a non-volatile organic substance, 
thus more particularly salts of copper with non-volatile organic acids. 

c. By Ignition : Salts of copper with oxygen acids that are readily 
volatile or decomposable at a high temperature (carbonate of copper, 
nitrate of copper). 


2. Metallic copper : Oxide of copper in all solutions free from 
other metals precipitable by zinc or the galvanic current, also the oxides 
of copper. 


3. Subsulphide of copper : Oxide of copper in all cases in which 
no other metals are present that are precipitable by sulphuretted 
hydrogen, or sulphocyanide of potassium. ■ 


Of the several methods of effecting the estimation of copper, No. 3 
is particularly to be recommended for use in laboratories ; method 2 is 
also very convenient, and well adapted for assaying. Of the volumetric 
methods, one is suited for technical purposes, the other for the estimation 
of small quantities of copper. For technical purposes there are besides, 
also several colorimetric methods, proposed by Heine, von Hubert, 
J acquelain, A. Muller, and others, which are, all of them, based upon 
the comparison of an ammoniacal solution of oxide of copper, of unknown 
strength, with others of known strength.* 

Levol’s indirect method of estimating copper, which is based upon 
the diminution of weight suffered by a strip of copper when digested in 
a close-stoppered flask with ammoniacal solution of copper till decolo- 
nization is effected, takes too much time, and is apt to give false results 
(Phillips^ Erdmann^). The latter remark applies also to the in- 
direct method proposed by Bunge, which consists in boiling the solution 
of copper, free from nitric acid and sesquiccdde of iron, m presence of 
some free hydrochloric acid, in a flask, with a weighed strip of copper, and, 
after decolorizatlpn of the fluid, determining the loss of weight suffered 
by the copper.;: ., ; , : , „ \ • - * 

• • '*• 0, ; 'o. , ■ 

* This subject hardly comes within the scope of the present work. I therefor 0 
refer to Al. Miller, das Complement&rcolorimeter, Chemnitz, 1854 ; Bodemann * 
Probirkunst von Kerl, 222; also to Dehms, Zeifcschr. f. anal Chem. 3, 218, and 
■Gustav Bischof, jun. /J.6. 459. v 

X Annal. d. Chem. u. Pharm. 81, 208. + Joum. i. prakt. Chem. 75, - 11, 
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i. Determination as Oxide of Copper, 

a. By direct Precipitation as Oxide. 

Heat the rather dilute neutral or acid solution in a platinum or 
porcelain dish, to incipient ebullition, add a somewhat dilute solution 
of pure soda or potassa until the formation of a precipitate ceases, and 
keep the mixture a few minutes longer at a temperature near boiling. 
Allow to subside, filter, wash by decantation twice or thrice, boiling up 
each time, then collect it on the filter, wash thoroughly with hot 
water, dry, and ignite in a porcelain or platinum crucible, as directed 
§ 53. Do not use the blowpipe. After ignition, and having added the 
ash of the filter, let the crucible cool in the desiccator, and weigh. 
The action of reducing gases must be carefully guarded against in the 
process of ignition. 

It will sometimes happen, though mostly from want of proper atten- 
tion to the directions here given, that particles of the oxide of copper 
adhere so tenaciously to the dish as to be mechanically irremovable. 
In a case of this kind, after washing the dish thoroughly, dissolve the 
adhering particles with a few drops of nitric acid, and evaporate the 
solution over the principal mass of the precipitated oxide, before you 
proceed to ignite the latter. Should the solution be rather copious, it 
must first bo concentrated by evaporation, until only very little of it 
is left. For the properties of the precipitate, see § 85. 

With proper attention to the directions here given, the results ob- 
tained by this method are quite accurate, otherwise they may be either 
too high or too low. Thus, if the solution be not sufficiently dilute, 
the precipitant will fail to throw down the whole of the oxide of 
copper ; or, if the precipitate be not thoroughly washed with hot water, 
it will retain a portion of the alkali • or, if the ignited precipitate be 
allowed to stand exposed to the air, before it is weighed, an increase 
of weight will be the result ; and so, on the other hand, a diminution of 
weight, if the oxide be ignited with the filter or under the influence of 
reducing gases, as thereby suboxide would be formed. Should a portion 
of the oxide have suffered reduction, it must be reoxidized by moistening 
with nitric acid, evaporating cautiously to dryness, and exposing the 
residue to a gentle heat, increasing this gradually to a high degree of 
intensity. 

Let it be an invariable rule to test the filtrate for copper with sul- 
phuretted hydrogen water. If, notwithstanding the strictest compli- 
ance with the directions here given, the addition of this reagent pro- 
duces a precipitate, or imparts a brown tint to the fluid, this is to be 
attributed to the presence of organic matter ; in that case, concentrate 
the filtrate and wash-water by evaporation, acidify, precipitate with sul- 
phuretted hydrogen water, filter,, incinerate the filter, heat with nitric 
^id, dilute, filter, concentrate, precipitate with soda, and filter the oxide 
obtained to the main quantity. 

Never neglect to test the, oxide of copper after weighingfor alkali or 
alkaline salt by boiling* it ^ith water. If either is present, the oxide 
Jiust be exhausted with hot w&ter, and then reignited and reweighed. 
Finally , dissolve the oxide in irydJtochloric acid to detect and if necessary 
estimate any silicic acid it may contain. 

In default of sufficiently pure potash or soda, the carbonate may be 
^f e d» but the solution must not contain more than 1 grm. copper in 
he litre \ the alkaline carbonate must only be added slightly in excess 
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and the mixture must be boiled for half an hour. The bluish-green 
precipitate will then turn dark brown and granular, and may be easily 
washed (Gibbs*). 

From ammoniacal solutions also, oxide of copper may be precipitated 
by soda or potassa. In the main, the process is conducted as above. 
After precipitation the mixture is heated, until the supernatant fluid 
has become perfectly colorless ; the fluid is then filtered off with the 
greatest possible expedition. If allowed to cool with the precipitate in 
it a small portion of the latter would redissolve. 

b. By Precipitation as Oxide , preceded by Ignition of the Substance. 

Heat the substance in a porcelain crucible, until the organic matter 

present is totally destroyed ; dissolve the residuo in dilute nitric acid, 
filter if necessary, and treat the clear solution as directed in a. 

c. By Ignition . 

The salt is put into a platinum or porcelain crucible, and exposed to 
a very gentle heat, which is gradually increased to intense redness ; the 
residue is then weighed. As nitrate of copper spirts strongly when 
ignited, it is always advisable to put it into a small covered platinum 
crucible, and to place the latter in a large one, also covered. With 
proper care, the results are accurate. Copper salts with organic acids 
may also be converted into oxide by simple ignition. To this end, the 
residue first obtained, which contains suboxide, is completely oxidized by 
ignition with oxide of mercury (which leaves no residue on ignition), or 
with less advantage, by repeated moistening with nitric acid, and ignition. 
A loss of substance is generally incurred by the use of nitric acid from 
the difficulty of avoiding spirting. 

2. Determination as Metallic Copper. 

a. By Precipitation with zinc or cadmium.t 

Introduce the solution of copper, after having, if required, first freed 
it from nitric acid, by evaporation with hydrochloric acid or sulphuric 
acid, into a weighed platinum dish; dilute, if necessary with some 
water, throw in a piece of zinc (soluble in hydrochloric acid without 
residue) and add, if necessary, hydrochloric acid in sufficient quantity to 
produce a moderate evolution of hydrogen. If, on the other hand, this 
evolution should be too brisk, owing to too large excess of acid, add a 
little water. Cover the dish with a watch-glass, which is afterwards 
rinsed into the dish with the aid of a washing-bottle. The separation 
of the copper begins immediately ; a large proportion of it is deposited 
on the platinum in form of a solid coating ; another portion separates, 
more particularly from concentrated solutions, in the form of red 
spongy masses. Application of heat, though it promotes the reaction, 
is not absolutely necessary ; but there must always be sufficient free 
acid present to keep up the evolution of hydrogen. After the lapse of 
about an hour or two, the whole of the copper has separated. To make 

* Zeitschr. f. anal. Chem. 7, 258. 

t The method of precipitating copper by iron or zinc, and weighing it in the 
metallic form, was proposed long ago ; see Pfaff’s Handbuch der analytischen 
Chemie, Altona, 1822, 2, 269, where the reasons are given for preferring zinc as a 
precipitant, and sulphuretted hydrogen is recommended as a test for ascertaining 
whether the precipitation is complete. I mention this with reference to F- Mohr J 
paper in the AnnaL d. Chem. u. Pharm. 96, 215, and Bodemann's Probirkunsfr 
von Kerl, 220. 
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sure of this, test a small portion of the supernatant fluid with sulphu- 
retted hydrogen water ; if this fails to impart a brown tint to it, you 
may safely assume that the precipitation of the copper is complete. 
Ascertain, now, also, whether the zinc is entirely dissolved, by feeling 
about for any hard lumps With a glass rod, and observing whether 
renewed evolution of hydrogen will take place upon addition of some 
hydrochloric acid. If the results are satisfactory in this respect also, 
press the copper together with the glass rod, decant the clear fluid, 
which is an easy operation, pour, without loss of time, boiling water 
into the dish, decant again, and repeat this operation until the washings 
are quite free from hydrochloric acid. Decant the water now as far as 
practicable, rinse the dish with strong alcohol, dry at ioo°, let it cool, 
and weigh. If you have no platinum dish, the precipitation may be 
effected also in a porcelain crucible or glass dish ; but it will, in that 
case, take a longer time ; and the whole of the copper will be obtained 
in loose masses, and not firmly adhering to the sides of the crucible or 
dish, as in the case of precipitation in platinum vessels. 

The results are very accurate. The direct experiment, No. 69, gave 
ioo'o and 1 00*06, instead of 100. Fu. Mona (loc, cit.) obtained equally 
satisfactory results by precipitating in a porcelain crucible.* 

Zinc being sometimes difficult to obtain of sufficient purity, cadmium 
may bo used instead ; it dissolves with less violence in strongly acid 
copper solutions. It may be used in the form of rod, in which it 
usually occurs in commerce (ClassenI*). 


b. By Precipitation with the galvanic current. 

This method makes us independent of pure zinc or cadmium, and 
yields the copper in a compact form, readily washed and determined. 
It is now largely used in copper works, constant batteries have been 
employed for it, and the whole process has been organized for use 
on a large scale by Luckow, and adopted by the Mansfeld Ober-Berg- 
und Hutten-Direction in EislebenJ. A small electrolytic apparatus 
without separate battery, for single precipitations, has been described 
hy Ullgren.§ 

c * By Ignition in Hydrogen . 

The oxides of copper when ignited in a current of pure hydrogen are 
converted into metallic copper, and may thus be conveniently analyzed. 
Occasionally the oxide obtained by 1, a or b is reduced either at once, 
or after weighing ; in the, latter case the reduction serves as a control. 

3 - Determination as Subsulphide of Copper. 

a. By Precipitation as Sulphide. — Precipitate the solution — which is 
best moderately acid, but should not contain a great excess of nitric 
acid—according'to the quantity of copper present, either by the addition 

strong sulphuretted hydrogen water, or by passing the gas. In the 
absence of nitric acid it is well to heat nearly to boiling while the gas 
18 passing, as this makes the precipitate denser, and it is more easily 
washed. When the precipitate has fully subsided, and you have made 

* SCORER (On the alloys of copper and zinc, Cambridge, i860, p. 47) says that 
co ^ er retQ i Q8 water, but I have not found this to be the case (See 

+ 7 . + Journ. f. prakt. Chem. 96, 259. 

L^ eits $! lr * f* ana h Chem. 8, 23 and ii, 1. Compare also Gibbs, 76 . 3, 334, and 
^coq de Boisbaudak. Ih . *7. 


c Boisbaudan, lb . 7, 253, 
Want. vol. i. 


§ 75. 7, 443. 



253 


DETERMINATION. 


[§ 119, 


sure that the supernatant fluid is no longer colored or precipitated by 
strong sulphuretted hydrogen water, filter quickly, wash the precipitate 
without intermission with water containing’ sulphuretted hydrogen, and 
dry on the filter with some expedition. Transfer to a weighed porcelain 
crucible, add the filter-ash and some pure powdered sulphur and ignite 
strongly in a Stream of hydrogen (§ 108, fig. 79). It is advisable to 
use a gas blow-pipe. The results are very accurate. (H. Hose*). 

This method, which was recommended by Berzelius, and afterwards 
by Brunner, has only lately received a very practical form, from the 
apparatus introduced by II. Rose. I feel great pleasure in recommend- 
ing it. In my own laboratory it is in frequent use. 

If the sulphide of copper is ignited in a covered crucible, from which 
the lamp and the cover are occasionally removed for a few seconds, it 
will be converted into a variable mixture of Cu S and CuO, in which, 
however, the percentage of copper is constant (ULRici'f’). When the 
copper is weighed in this form the results are not quite so accurate as 
when it is weighed as subsulphide. 

b. By Precipitation as Subsulphocyanide , after Rivot.J — The solu- 
tion should be as free as possible from nitric acid and free chlorine, and 
should contain little or no free acid. Add sulphurous or hypophos- 
phorous acid in sufficient quantity, and then solution of sulphocyanide 
of potassium in the least possible excess. The copper precipitates as 
white subsulphocyanide. It is filtered after standing some time, washed 
and dried, mix ed with sulphur, ignited in hydrogen in the apparatus 
mentioned in a, and this ignition with sulphur is repeated till the weight 
is constant. The precipitate may also be collected on a weighed filter, 
dried at ioo°, and then weighed. The experiment, No. 71, conducted 
in the latter way, gave 99.66 instead of 100. The process yields satis- 
factory results, but they are always inclined to be a little too low, as the 
subsulphocyanide is not absolutely insoluble. The loss is larger in the 
presence of much free acid. 

c. Oxide and suboxide of copper, sulphate, and many other salts ot 
copper (but not chloride, bromide, or iodide) may be directly converter 
into subsulphide, by mixing with sulphur and igniting in hydrogen as 
in a (H. Rose, loc. cit.). The results are thoroughly satisfactory. 


4. Volumetric Methods, 
a. De Haen’s Metiiod.§ 

I recommend this method, which was devised in my own labora- 
tory, || as more especially applicable in cases where small quantities 0 
copper are to be estimated in an expeditious way. The method is 
based upon the fact that, when a salt of oxide of copper in solution is 
mixed witl* iodide of potassium in excess, subiodide of copper ana nee 
iodine we formed, the latter remaining dissolved in the solution 0 

* P<M& Aimal. no, 138. f f. prakt. Chem. 107, no. 

;£ Compt. Rend. 38, 868 ; Journ.fVpfakt. Chem. 62, 252. 

'; P -V § Annal. d. Chem. n. Flptm. 91, 237. nc * 

H Brown (Qtfart. Jourm. of the Chem.8feio, 65), Who published this as* ^ 
method in 1857, must have been ighotutitef^s previous publication in ii«54 ^ 

little variation, too, of determining the iodine with hyposulphite of soUa ^ _ { 
to Schwarz) instead of with sulphurous acid (according to Bunsen), may y 
in Mohr’s Lehrbuch der Titrirmethode, 1, 387 (1855*. A-aimilar remark 11 iB 
to RUmpler, who described the methoJ, with slight modification, as a n 
iS68 (Journ. f. ptakt Chem. 105, 193). 
i 
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iodide of potassium 2(CuO,SO ;{ ) + 2KI = C11 J + 2 (KO,SO t ) + 1 . Now , 
by estimating the iodine by B unsen’s method, or with hyposulphite 
of soda (§ 146), we learn the quantity of copper, as 1 eq. iodine 
(126*85) corresponds to 2 eq. copper (63*4). The following is the 
most convenient way of proceeding. Dissolve the compound of copper 
in sulphuric acid, best to a neutral solution ; a moderate excess of free 
sulphuric acid, however, does not injuriously affect the process. Dilute 
the solution, in a measuring flask, to a definite volume; 100 c.c. 
should contain from 1 to 2 grm. oxide of copper. Introduce now about 
10 c.c. of iodide of potassium solution (1 in 10) into a stoppered bottle, 
add 10 c.c. of the copper solution, mix, allow to stand 10 minutes, and 
then determine the separated iodine, either with sulphurous acid and 
iodine (§ 146, 1), or with hyposulphite of soda (§ 146, 2). The copper 
solution must be free from sesquioxide of iron and other bodies which 
decompose iodide of potassium, also free nitric acid, and free hydro- 
chloric acid ; and the solution must not be allowed to stand too long 
before titration. With strict attention to these rules, the results are 
accurate. De Haen obtained, for instance, *3567 instead of *3 566 of 
sulphate of copper, 99*89 and ioo*i instead of 100 of metallic copper. 
Further experiments (No. 72) have convinced me, however, that 
though the results attainable by this method are satisfactory, they are- 
not always quite so accurate as would be supposed from the above 
figures given by De Haen. Acting upon Fr. Mohr’s suggestion, I 
tided to counteract the injurious influence of the presence of nitric acid,, 
by adding to the solution containing nitric acid first ammonia in excess, 
then hydrochloric acid to slight excess ; the result was by no means 
, satisfactory. The reason of this is that a solution of nitrate of am- 
i monia, mixed with some hydrochloric acid, will, even after a short 
time, begin to liberate iodine from solution of iodide of potassium. 

b. Method of Parkes ;* H. Fleck’s modification. f 
; This method depends upon the action of cyanide of potassium on 
j ammoniacal solution of copper. The azure blue colour disappears, 
C«,Cy,NH 4 Cy and KO are formed, while 1 eq. of cyanogen is separated, 
which, acting on the free ammonia, gives urea, oxalate of urea, cyanide 
of ammonium and formiate of ammonia (LiebigJ). The decomposi- 
hon is not always the same, the quantity and degree of concentration 
of the ammonia has a marked influence on it : compare Liebig (loc. cit.) y 
also my own experiments (No. 73 a), from which it appears that 
neutral ammonia salts also affect the results. See also Fleck (loc. cit.) y 
v * Wolfskron,§ Steinbeck|| and Kirpitschow.H 

Fleck proposes the following modification : — Instead of caustic 
funmonia use a solution of sesquicarbonate of ammonia (1 in 10), warm 
00 mixture to about 6o°, and in order to render the end-reaction 
J^-add 2 drops of solution of ferrocyanide of potassium (1 in 2o) ; 
le blue color of the solution is not altered by this addition, nor is its 
« earr mss affected. The value the cyanide of potassium solution is 
Lst determined, by means of copper solution . of known strength, and 
\ ls then employed On the copper solution to Be examined. On 
l0 pping the cyanide of potassium into the blue solution warmed 

! fining Jonrn, 1851. ' + Polytechn. Cenfcralbl. 1859, 1313. 

* Anua f d. Chem. u. Pharm. 05, Ii8. $ Zeitschr. f. anal. Chem. 5, 403. 

11 15 . 8, 16. f Zeitschr. f. Chem. (2) 7, 207. 
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to 6o°, the odor of cyanogen is plainly perceptible, and the color 
gradually disappears. As soon as the ammoniacal double salt of copper 
is destroyed, the solution becomes red from the. formation of for- 
rocyanide of copper, without any precipitate appearing, and with the 
addition of a final drop of cyanide of potassium this red colour in its turn 
vanishes, so that the fluid now appears quite colorless. 

The method thus modified yields, it is true, better, but still only 
approximate results.* * * § Where such are good enough, the method is 
certainly convenient. I have found that the presence of ammonia salts 
is here also not without influence (Expt. No. 73 b) ; on this account 
the method seems to be applicable only, if the standardizing of tlu* 
cyanide of potassium and the actual analysis are performed under very 
similar circumstances. 

On the latter principle Steinbeck’s+ method depends, which was 
devised for the estimation of copper in the Mansfeld shales, and re- 
ceived a premium from the Mansfeld Ober-Berg-und Hutten-Direction. 
The copper is first thrown down in the metallic state from the hydro- 
chloric acid solution by zinc in contact with platinum. It is washed, 
dissolved in a definite quantity of nitric acid, mixed with a definite 
quantity of ammonia, and then titrated with cyanide of potassium. The 
results are not only concordant but also very nearly correct if the 
cyanide is standardized under the same conditions as it is used. In 
standardizing, about the same quantity of copper should be employed 
as will have to be estimated. The strength of the cyanide is 1 c.c. = ‘ooj 

grin, copper. . . , 

c. Methods which depend on the precipitation of the copper by sul- 
phide of sodium. 

Pelouze supersaturates the neutral or acid solution with aminoui- , 
heats to between 6o° and 8o°, and adds sulphide of sodium till the blue 
.color disappears. The precipitate which falls at this temperature 
consists of 5CuS + CuO. Since the temperature influences the com- 
position of the precipitate, and the disappearance of the blue color is 
not a particularly sharp end-reaction, Fa. Mohr* and KUnzel§ haw 
modified the method. The former precipitates in the cold (by whicj 
sulphide of copper is thrown down) and tests for the first excess 01 
sulphide of sodium with alkaline solution of lead. The latter P lGC1 P l 
tates at a boiling heat (when the oxysulphide is rapidly deposited) ana 
tests for the complete precipitation of the copper by bringing a drop 0 
the fluid in contact with freshly precipitated sulphide of zidc ^ 
should not be colored brown by it. The strength of the sulphide 0 
sodium should be 1 c.c. = about *oi grm. copper. To standardize iU 
use a copper solution containing 10 grm. in 1 litre. 3,0. c.c. of tins 
taken ( = *2 grnLgpGpper), supersaturated with ammonia, diluted ^ 
water, boiled i ma titrated with sulphide of sodium. The sulplm 
zinc required is prepared by dissolving ordinary zinc. in hydrocn 
acid, adding ammonia in excess and boiling with a little sulpha 
sodium, by which any lead in solution is thrown down; the nttrai 


* In six experiments, in which he had purposely added different quant t 
carbonate of ammonia, Fleck used for 100 c.c. copper solution, 10 tne m 

15*2. in the maximum 1575, in the mean 15*46 c.c. cyanide of potassium so 
+ Zeitschr. f. anal. Chem. 8, 8. , 

X His Lehrbuch der Titiirmethode, 3, Aufl. 429. 

§ Journ. f. prakt. Chem. 88, 486 ; Zeitschr, f. an»l. Chem. 2 , 373 * 
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then mixed with sulphide of sodium (not quite sufficient to throw down 
the whole of the zinc), and the mass obtained is spread out over several 
layers of blotting paper. 

According to KUnzel, with careful manipulation the error does not 
exceed *25 per cent, j the method is therefore quite accurate enough for 
technical purposes. 0 

d. Methods which depend on the reduction of chloride of copper by 
protochloride of tin. J 

E. Mulder* was the first to use this reaction as the basis of a 
method for estimating copper, he adopted indigo carmine as the in- 
dicator. Fft. WEiLt found that if enough hydrochloric acid was 
present, the loss of color of the hot solution indicated the conclusion of 
the reduction. The latter prepares the solution of protochloride of tin 
by dissolving 6 grm. tinfoil in 200 c.c. hot hydrochloric acid and dilut- 
ing to a litre with boiled water. The copper solution which is used 
to standardize the tin before each fresh series of determinations, is pre- 
pared by dissolving 7*867 grm. powdered sulphate of copper pressed 
between blotting paper ( - 2 grm. copper) to half a litre. Transfer 
25 c.c. of the copper solution ( = *i grm. copper) to a flask holding about 
100 c.c., add 5 c.c. concentrated sulphuric acid, heat to gentle boiling, 
and maintaining at this temperature, add the tin solution till the fluid 
appears as colorless as distilled water. Now add 5 c.c. hydrochloric 
acid, and if a slight color is produced remove this by a few drops of the 
tin solution. If you wish to satisfy yourself that the reaction is 
actually finished, mix a small portion after cooling with a drop of 
chloride of mercury. If no visible turbidity is produced, the proto- 
chloride of tin is not in excess. You may therefore add still more till a 
small separation of subchloride of mercury takes place on testing, but 
then you should deduct *05 c.c. from the amount of tin solution used. 
In titrating an unknown solution of copper you proceed in the same 
way. Any nitric acid that may be present is first removed by 
evaporating with excess of sulphuric acid. Sesquioxide of iron, if 
present is reduced with the chloride of copper. In that case, in a 
second portion of the solution precipitate the copper by means of zinc 
and platinum wire in the heat, determine the protoxide of iron obtained 
wflh permanganate or chromate of potash (§ 112), and then calculate 
low much protochloride of tin was required to reduce the sesquioxide of 
11011 > tbe remainder corresponds to the chloride of copper. Or you may 
wash the precipitated copper, dissolve it in sulphuric acid and reduce 
with protochloride of tin. The test analyses communicated by Weil 
aie satisfactory. 

6. SdiWARzJ precipitates the copper as suboxide by heating the 
Su u ^ 10n °f the tartrate of copper and potash with grape sugar, filters, 
washes, warms with sesquichloride of iron and hydrochloric acid, and 
e ermines the protochloride of iron with permanganate§. Cu 2 0 + Fe s Cl 3 
+ IIC1 = 2CuCl + sFeCl + HO. 

(i ^ LEISCII ER|| precipitates the copper as subsulphocyanide 

1 boils the washed precipitate with potash, and thus obtains 

+ y ., , * Jahresber. von Korp a. Will, i860, 613. 

T Aeitsclir. f. anal. Chem. 9, 297. t Annal. d. Client, n. Pharm. 84, 84. 
diafi „ * roin ate of potash is not suitable, as the chloride of copper impairs the 
Quietness of the end-reaction. 

|j Zeitschr. f. anal. Chem. 9, 255. 
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suboxide of copper ; or he precipitates with iodide of potassium and 
protochloride of tin, and'thus obtains subiodide, of copper. . hither of 
these precipitates he* brings in contact with sesquisulphate of iron, deter- 
mines the protoxide of iron produced and calculates the copper therefrom, 

g. F. Fleitmann* precipitates the copper with zinc, brings the 

washed precipitate in contact f with sesquichloride of . iron and hy- 
drochloric acid and determines the protochloride of iron produced. 
Cu +■ Fe 4 Cl, a* Cud + 2 FeCl. . 

h. H. ScHWARzt adds xanthogenate of potash to the acetic acid solu- 
tion of the copper, till no more precipitate is formed.. The other heavy 
metals, except zinc, are precipitated from their acetic acid solution bv 
this reagent, hence the copper must first be separated from them. 

The°methods e to h require previous precipitation or isolation of the 
copper, they cannot therefore deserve the preference before gia\ iineliic 
methods except in very special cases. 


§ 120 . 

6. Teroxide of Bismuth. 

a. Solution. 

Metallic bismuth, the teroxide, and all other compounds of that 
metal are dissolved best in nitric acid, more or less diluted. It must 
be borne in mind that hydrochloric acid solutions of bismuth, if cou- 
•centrated, cannot be evaporated without loss of chloride of bismuth. 

b. Determination. 

Bismuth is weighed in the form of teroxide , of chromate , of sulpfwh 
in the metallic state , or as arseniate. The compounds of bismuth are 
converted into teroxide by ignition, by precipitation as basic carbonate, 
or by repeated evaporation of the nitrate solution. These are. some 
times preceded by separation as sulphide. The determination as 
metallic bismuth is frequently preceded by precipitation as sulphide or 
-as basic chloride. 

We may convert into 

1. Teroxide of Bismuth: # 

a. By Precipitation as carbonate of bismuth. All compounds oi )ls 
muth which dissolve in nitric acid to nitrate, no other acid remaining m 
the solution. 

b. By Ignition. 

a. Salts of bismuth with readily volatile oxygen acids. 

0. Salts of bismuth with organic acids. 

c. By Evaporation. Bismuth in nitric acid solution. f 

d. By Precipitation as tcrsulpliide of bismuth. All compounds Cl 

bismuth without exception. ^ 

2. Chromate or arseniate of bismuth: All compounds nam 

in i, a. ■ l • . # t 

3. Sulphide of bismuth: The compounds of bismuth wu 

exception. • • • p l3 

4. Metallic bismuth : The oxide: and its salts, the sulphide, , . 
basic chloride, in whidh latter form the bismuth maybe procipi- 
put of all its spl^ons. 

Wr * Annal. d. Chem. u. Pharm. 98, 141. « 

t DiN^BS^polyt. Journ 190, 220 aud 295 ; Zeitaclir. f. anal. Uicm. o, t 
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r Determination of Bismuth as Teroxide. 

a. By Precipitation as Carbonate of Bismuth. 

If the solution is concentrated, add water, taking no notice of any 
precipitate of basic nitrate that may be formed. ’ Mix with carbonate 
of ammonia in very slight fexcess, and heat for some time nearly to 
boiling ; filter, dry the precipitate, and ignite in the manner directed 
§11 6. i (Ignition of carbonate of lead) ; the process of ignition serves to 
convert the carbonate into the pure teroxide of bismuth. For the pro- 
perties of the precipitate and residue, see § 86. The method gives 
accurate results, though generally a trifle too low, owing to the 
circumstance that carbonate of bismuth is not absolutely insoluble in 
carbonate of ammonia. Were you to attempt to precipitate bismuth, 
by means of carbonate of ammonia, from solutions containing sulphuric 
acid or hydrochloric acid, you would obtain incorrect results, since with 
the basic carbonate, basic sulphate or basic chloride would be precipi- 
tated, which are not decomposed by excess of carbonate of ammonia. 
Were you to filter off the precipitate without warming, a considerable 
loss would be sustained, as the whole of the basic carbonate would not 
have been separated (Expt. No. 74). 

b. By Ignition. 

a. Compounds like the carbonate or nitrate of bismuth are ignited 
in a porcelain crucible until their weight remains constant. 

/3. Compounds with organic acids are treated like the corresponding 
compounds of oxide of copper (§ 119, 1, c). 

c. By Evaporation. 

The solution of the nitrate is evaporated in a porcelain dish on the 
water-bath till the neutral salt remains in syrupy solution add water, 
loosen the white crust that is formed with a glass rod from the sides, 
evaporate again on a water-bath, reprecipitate with water, and repeat the 
whole operation three or four times. After the dry mass on the water- 
bath has ceased to smell of nitric acid, it is allowed to cool thoroughly, 
and then treated with cold water containing a little nitrate of ammonia 
(1 in 500) ; after the residue and fluid have been a short time together, 
filter, wash with the weak solution of nitrate of ammonia, dry and 
ignite (§ 53). Results very satisfactory (J. Lowe*). 

d. By ^recipitation asTer sulphide of Bismuth. 

Dilute the solution with water slightly acidulated with acetic acid 
(to prevent the precipitation of a basic salt), and precipitate with sul- 
phuretted hydrogen water or gas ; allow the precipitate to subside, and 
test a portlon,of the supernatant fluid with sulphuretted hydrogen water ; 
if it remains clear, which is a sign that the bismuth is completely pre- 
cipitated, Alter (the filtrate should smell strongly of HS), and wash the 
precipitate with water containing sulphuretted hydrogen. Or mix 
with ammonia until the ; §?ee acid is neutralized, then add sulphide of 
ammonium in excess, and allow to digest for some time. 

The washed precipitate may now? be weighed in three different 
forms — viz., as sulphide, as metah or as oxide. The treatment in the 
two former cases will be described in 3 and 4 : in the latter case proceed 
ms follows : — 


4 Joum. f. prakt. Chem. 74 , 344* 
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Spread the filter out on a glass plate and remove the precipitate to 
a vessel by means of a jet of water from the wash-bottle — or, if this is 
.not practicable, put the precipitate and filter together into tlio vessel-^ 
and heat gently with moderately strong nitric acid . until complete de- 
composition is effected ; the solution is diluted with water slightly 
acidulated with acetic or nitric acid, and filtered, the filter being washed 
with the acidulated water; the filtrate is then finally precipitated as 
directed in a . 

2. Determination of Bismuth as Chromate (J. Lowe*). 

Pour the solution of bismuth, which' must be as neutral as possible, 
and must, if necessary, bo first freed from the excess of nitric acid by 
evaporation on the water-bath, into a warm solution of pine bichromate 
of potassa in a porcelain dish, with stirring, and take care to leave the 
alkaline chromate slightly in excess. Rinse the vessel which contained 
the solution of bismuth with water containing nitric acid into the 
porcelain dish. Tho precipitate formed must bo orange-yellow, and 
dense throughout ; if it is flocculent, and has the color of the yolk of 
an egg, this is a sign that there is a deficiency of chromate of potassa ; 
in which case add a fresh quantity of this salt, taking care, however, 
to guard against too great an excess, and boil until the precipitate 
presents the proper appearance. Boil the contents of the dish for ten 
minutes, with stirring; then wash the precipitate, first by repented 
boiling with water and decantation on to a weighed filter, at Inst 
thoroughly on the latter with boiling water; dry at about 120°, and 
weigh. For the properties and composition of tho precipitate, sec § 86. 
Results very satisfactory. 


3. Determination of Bismuth as Sulphide. 

Precipitate the bismuth as sulphide according to 1, d. If the pre- 
cipitate contains sulphur, extract the latter by boiling with solution ot 
sulphite of soda, or by treatment with bisulphide of carbon 'compare 
the determination of mercury as sulphide, § 118, 3), collect on a 
weighed filter, dry at ioo°, and weigh. 

The drying must be conducted with caution. At first tho preci- 
pitate loses weight, by the evaporation of water, then it gains weight, 
from the absorption of oxygen. Hence you should weigh every hah 
hour, and take the lowest weight as the correct one. Compare Bxpt. 
No. 52. Properties and composition, § 86, g. 

The sulphide of bismuth cannot be conveniently converted into the 
metallic state by ignition in hydrogen, as its complete decomposition is 
a work of considerable time. As regards reduction with cyanide 01 
potassium, see 4. 


4. Determination of Bismuth as Metal, 

The oxide, sulphide, or basic chloride that aro to be reduced are 
fused in a porcelain. crucible with five times their quantity of ordinary 
cyanide of potassium. The crucible must be large enough, la *h© 
case of oxide and basic chloride, the reduction is completed in a shor 
time at a gentle heat ; sulphide, on the other hand, requires longer 
fusion and a higher temperature. The operation has been succcsstu , 
if on treatment with water metallic grains are obtained. These grains 


Journ. f. prakt. Chem. 67, 464. 
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are first washed completely and rapidly with water, then with weak, 
and lastly with strong spirit, dried and weighed. If you have been 
reducing the sulphide, and on treating the fused mass with water a* 
black powder (a mixture of bismuth with sulphide of bismuth) is visible, 
besides the metallic grains, it is necessary to fuse the former again with 
cyanide of potassium. 

It sometimes happens that the crucible is attacked, and particles of 
porcelain are found mixed with the metallic bismuth ; to prevent this 
from spoiling the analysis, weigh the crucible together with a small 
dried filter before the experiment, collect the metal on a filter, dry and 
weigh the cruciblo with the filter and bismuth again. Itesults good 
(H.°Rose*). 

The precipitation of bismuth as basic chloride, and the reduction of 
the latter with cyanide of potassium, has been recommended by H. KosE.t 
The process is conducted as follows: — nearly neutralize any large 
excess of acid that may be present with potassa, soda, or ammonia, add 
chloride of ammonium in sufficient quantity (if hydrochloric acid is not 
already present), and then a rather largo quantity of water. After 
allowing to stand some time, test whether a portion of the clear super- 
natant fluid is rendered turbid by a further addition of water ; and then, 
if required, add water to the whole till the precipitation is complete. 
Finally filter, wash completely with cold water, dry and fuse according 
to the directions just given with cyanide of potassium. It is less- 
advisable to dry the precipitate at ioo°, weigh and calculate the metal 
present from the formula 2 BiO s + BiCl y , as washing causes a slight 
alteration in its composition (unless a little hydrochloric acid is added 
to the wash-water, which is inconvenient when the precipitate is col- 
lected on a weighed filter) and if precipitated in the presence of sul- 
phuric, phosphoric acids, &c., it is liable to contain small quantities of 
these acids. Itesults accurate. 

5. Determination of Bismuth as Arseniate . 

Scheele tells us that the arseniate of bismuth is quite insoluble in 
nitric acid, and this has been found correct. On this fact, Salkowski^; 
bases an estimation of bismuth. The solution of nitrate of bismuth 
must contain a little nitric acid, and be free from other acids. Preci- 
pitate with arsenic acid in moderate excess, stir without touching the 
sides of the*beaker, allow to stand in the cold for a few hours, collect 
on a filter dried at 120°, and wash till the washings begin to show a 
slight turbidity. Dry at 120°, and weigh. The dried precipitate has- 
the composition Bi 0 3 ,As 0 6 ,H 0 . It is not advisable to ignite the pre- 
cipitate as the carbon of tho filter exercises a reducing action even when 
nitrate of ammonia is used. The test-analyses communicated by 
Salkowski gave 99*88 to 100*02 instead of 100, 

§ 121. 

7. 0xiD3 op Cadmium. 

a ‘ Solution . 

Cadmium, its oxide, and all the other compounds insoluble in water, 
aro dissolved in hydrochloric acid or in mtric acid. 

* Fogg. Aunal. 91, 104, and no, 136. t D>. no, 425. 

$ Joum. f. prakt. Chew. 104, 170; Zeitschr. f. anal. Chem. 8, 205. 
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b. Determination. 

Cadmium is weighed either in the form of oxide , or in that of 
sulphide (§87). It may also be weighed as sulphate , and in the absence 
of other bases precipitable by oxalic acid, it may be estimated volu- 
metrically. 

We may convert into 

1. Oxide op Cadmium: 

By Precipitation. The compounds of Cadmium which are soluble 
in water ; the insoluble compounds, the acid of which is removed upon 
solution in hydrochloric acid : salts of cadmium with organic acid. 

b. By Ignition. Salts of Cadmium with readily volatile or easily 
decomposable inorganic oxygen acids. 

2. Sulphide of Cadmium : All compounds of cadmium without 
exception. 

3. Sulphate op Cadmium : All compounds of cadmium, in the 
absence of other non-volatile substances. 

1. Determination as Oxide of Cadmium . 
a. By Precipitation. 

Precipitate with carbonate of potassa, wash the precipitated car- 
bonate of cadmium, and convert it, by ignition, into the state of pure 
oxide. The precipitation is conducted as in the case of zinc, § 108, 1 a. 
The oxide of cadmium which adheres to the filter may easily bo reduced 
and volatilized ; it is therefore necessary to be cautious. In the first 
place choose a thin filter, transfer the dried precipitate as completely as 
possible to the crucible, replace the filter in the funnel, and moisten it 
with nitrate of ammonia solution, allow to dry, and then burn carefully 
in a coil of platinum wire. Let the ash fall into the crucible containing 
the mass of the precipitate, ignite carefully, avoiding tlio action of 
reducing gases, and finally weigh. It is difficult to remove the last 
portions of carbonic acid, you must therefore repeat the ignition till tlio 
weight remains constant. Properties of precipitate and residue, § 87. 
Results generally a little too low. 


b. By Ignition. 

Same process as for zinc, § 108, I, 0 . 
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with bisulphide of carbon (see Sulphide of Mercury, § 1 1 8, 3). Results 
accurate. The precipitation of sulphur may occasionally be obviated 
by adding to the cadmium solution cyanide of potassium till the pre- 
cipitate first formed is redissolved, and then precipitating this solution 
with sulphuretted hydrogem 

If the sulphide of cadmium is not to be weighed as such, warm it, 
together with the filter, with moderately strong hydrochloric acid, 
till the precipitate has dissolved and the odor of sulphuretted hy- 
drogen is no longer perceptible, filter and precipitate the solution as 
in 1, a, after having removed the excess of free acid for the most part 
by evaporation. 

3. Determination as Sulphate of Cadmium . 

Same process as for magnesia (§ 104, 1). The CdO,S 0 3 may be 
rather strongly ignited without decomposition. 

4. W. Gibbs* determines cadmium volumetrically by mixing the 
concentrated solution of the sulphate, nitrate, or chloride with excess 
of oxalic acid and a quantity of strong spirit, filtering,, washing with 
alcohol, dissolving in hot hydrochloric acid and determining the oxalic 
acid with permanganate (§ 137}. W. G. LeisonI* obtained satisfactory 
results by this process. 

Supplement to the Fifth Group . 

§ 122. 

8. Protoxide of Palladium. 

Protoxide of palladium is converted, for the purpose of estimation, 
into the metallic state ; or— in many separations — into double chloride of 
palladium and potassium. 

1. Determination as Palladium. 

a. Neutralize the solution of protochloride of palladium almost com- 

pletely with carbonate of soda, mix with solution of cyanide of mercury ; 
and heat gently for some time, until the odor of prussic acid has gone 
off. A yellowish-white precipitate of protocyanide of palladium will 
subside ; from dilute solutions, only after the lapse of some time. 
Wash first by decantation, then on the filter, dry thoroughly, ignite 
cautiously, finally over the gas blowpipe till the paracyanide of palladium 
first formed is decomposed, then ignite in hydrogen, since the palladium 
has been slightly bxydized. As soon as the lamp is removed stop tlio 
hydrogen to prevent absorption, and weigh the metal. Jf the solution 
contains nitrate of protoxide, evaporate it first with hydrochloric acid 
to dryness ; as otherwise the precipitate obtained deflagrates upon 
ignition (Wollaston). Results exact. > 

b. Mix the solution of the protochloride or nitrate of protoxide or 

palladium with formiatp\ of soda or potassa, and warm until no moro 
carbonic acid escapes. Xhe palladium precipitates in brilliant scales 
(Dobereiner), ,v •' > , . , , _ 

c. Precipitate the aoid solut&bf palladium with sulphuretted hydro- 
gen, filter, wash, with boiling water, roast, dissolve in hydrochloric acid 
and nitric acid, and precipitate as in a . 

* Zeitschr, f. aoah CLom. 7, 259. 
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Exposed to a moderate red heat metallic palladium becomes covered 
with a film varying from violet to blue, but at a higher temperature it 
recovers its lustre, which it keeps after being suddenly cooled, for 
instance with cold water. This tarnishing and recovery of the metallic 
lustre is not attended with any perceptible difference of weight. Pal- 
ladium which has taken up oxygen is immediately reduced in hydrogen, 
when cooled in the current of gas, it retains some absorbed hydrogen. 
Palladium requires the very highest degree of heat for its fusion. It 
dissolves readily in nitrohydrochloric acid, with difficulty in pure nitric 
acid, more easily in nitric acid containing nitrous acid, with difficulty 
in boiling concentrated sulphuric acid. 

2. Determination as Double Chloride of Palladium and Potassium. 

Evaporate the solution of chloride of palladium with chloride of 
potassium and nitric acid to dryness, and treat the mass when cold with 
alcohol' of *833 sp.gr., in which the doublo salt is insoluble. Collect 
on a weighed filter, dry at ioo°, and weigh. Results a little too low, 
as traces of the double salt pass away with the alcohol washings 
(Berzelius). Instead of weighing the double salt you may ignite in 
hydrogen, remove the chloride of potassium with water and weigh the 
metal obtained. This method is indeed to be preferred, as it prevents 
any chloride of potassium in the precipitate from affecting the result. 

The DOUBLE CHLORIDE OF PALLADIUM AND POTASSIUM consists of 
microscopic ootahedra ; it presents the appearance of a vermilion, or if 
the crystals are somewhat large, of a brown powder. It is very slightly 
soluble in cold water ; it is almost insoluble in cold spirit of the above 
strength. It contains 26-8063 palladium. 

SIXTH GROUP. 

Teroxide of Gold — Binoxjde of Platinum— Teroxide of Anti- 
mony — Binoxide of Tin — Protoxide of Tin — Arsenious and Arsenic 
Acids — (Molybdic Acid). 


§ 123- 

1. Teroxide of Gold. 

a. Solution . 

Metallic gold, and all compounds of gold insoluble in water, are 
warmed with hydrochloric acid, and nitric acid is gradually added 
until complete solution is effected ; or they are repeatedly digested 
with strong chlorine water. The latter method is resorted to more 
especially in cases where the quantity of gold to be dissolved is smal , 
and mixed with foreign oxides, which it is wished to leavfc undissolvcu. 
According to W. Skey* tincture of iodine, or for larger quantities ot 
gold bromine jjfor, is better than chlorine water. They give solu- 
tions freer fnjfmner bases than the chlorine water gives. 

h. Determination . 

Gold is always weighed in the metallic state The compounds a 
brought into this form, either by ignition or by" precipitation, as go , 
or sulphide of gold. 

We convert into 


* Zeitochr. f. anal. Chem. 10, 221. 
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Metallic gold. 

a By Ignition . All compounds of gold which contain no fixed acid, 
or other body. 

b. By Precipitation as metallic gold. All compounds of gold without 
exception in cases where a is inapplicable. 

c. By Precipitation as tersulphide of gold. This method serves to 
effect the separation of gold from certain other metals which may be 
mixed with it in a solution. 

Determination as Metallic Gold. 

a. By Ignition. 

Heat the compound, in a covered porcelain crucible, very gently at 
first, but finally to redness, and weigh the residuary pure gold. For 
properties of the residue, see § 88. The results are most accurate. 

b. By Precipitation as Metallic Gold. 

a. The solution is free from Nitric Acid.. Mix the solution with a 
little hydrochloric acid, if it does not already contain some of that acid 
in the free state, and add a clear solution of sulphate of iron in excess ; 
heat gently for a few hours until the precipitated fine gold powder has 
completely subsided ; filter, wash, dry, and ignite according to § 52. A 
porcelain dish is a more appropriate vessel to effect the precipitation in 
than a beaker, as the heavy fine gold powder is more readily rinsed out of 
the former than out of the latter. There are no sources of error inherent 
in the method. 

j3. The solution of Gold contains Nitric Acid. Evaporate the solution, 
on a water-bath, to the consistence of syrup, adding from time to time 
hydrochloric acid; dissolve the residue in water containing hydro- 
chloric acid, and treat the solution as directed in a. It will sometimes 
happon that the residue does not dissolve to a clear fluid, in conse- 
quence of a partial decomposition of the terchloride of gold into pro- 
tochloride and metallic gold; however, this is a matter of perfect 
indifference. 

y. In cases where it is wished to avoid the presence of iron in the 
filtrate, the gold may be reduced by means of oxalic acid. To this end, 
the dilute solution — freed previously, if necessary, from nitric acid, 
hi the manner directed in j3 — is mixed, in a beaker, with oxalic acid, or 
with oxalate of ammonia in excess, some sulphuric acid added (if that 
acid is not already present in the free state), and the vessel, covered 
with a glass plate, is kept standing for two days in a moderately warm 
place. At the end of that time, the whole of the gold will be found to 
have separated in small yellow scales, which are collected on a filter, 
washed first* with dilute hydrochloric acid, then with water, dried, and 
ignited. If the gold solution contains a large excess of hydrochloric 
^cid, the latter should be for the most part evaporated, before the solution 
is diluted and the oxalic acid added. If the gold solution contains 
chlorides of alkali metals, it is necessary to dilute largely, and allow 
to stand for a long tim e, in order to effect complete precipitation (H, 
Hose). 

The gold may also be thrown down in the metallic form by hy- 
drate of chloral* in the presence of potash. Warm the solution, add 

* Hager’s pharmac. Centralhalle, 11, 393. 
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tho chloral, then pure potash in excess and boil for a minute or so. The 
gold is precipitated with evolution of chloroform. 

e. Finally, gold may be thrown down by many metals, such as zinc, 
cadmium, magnesium, <fcc. ‘-The latter has been recommended by 
Scheibler* for the analysis of the gold- salts of organic bases. Tho 
precipitate is first washed with hydrochloric acid, then with water. 

c. By Precipitation as Tersulphide of Gold . - 

Sulphuretted hydrogen gas is transmitted in excess through the 
dilute solution containing some free acid; the precipitate formed is 
speedily filtered off, without heating, washed, dried, and ignited in a 
porcelain crucible. For the properties of the precipitate, see § 88. No 
sources of error. 

§ 124 - 

2. Binoxide of Platinum. 

a. Solution. 

Metallic platinum, and the compounds of platinum which are in- 
soluble in water, are dissolved by digestion, at a gentle heat, with 
nitrohydrochloric acid. 

b. Determination . 

Platinum is invariably weighed in the metallic state , to which con- 
dition its compounds are brought, either by precipitation as bichloride 
of platinum and chloride of ammonium, bichloride of platinum and 
chloride of potassium, or bisulphide of platinum, or by ignition, or by 
precipitation with reducing agents. All compounds of platinum, with- 
out exception, may, in most cases, be converted into platinum by either 
of these methods. Which is the most advantageous process to be 
pursued in special instances, depends entirely upon the circumstances. 
The reduction to the metallic state by simple ignition is preferable to the 
other methods, in all cases where admissible. The precipitation as 
bisulphide of platinum is resorted to exclusively to effect the separation 
of platinum from other metals. 

Determination as Metallic Platinum . 

a. By Precipitation as Bicldoride of Platinum and Chloride of Am- 
monium. • 

The solution must be concentrated if necessary by evaporation on a 
water-bath. Mix, in a beaker, with ammonia until the exostefc of acid 
(that is, supposing an excess of acid to be present) is w^ar&rSaturatcd ; 
add chloride of ammonium in excess, and mix the fluid wth a pretty 
large quantity of absolute alcohol. Cover the beaker ntf$ with a glass 
plqjie, and let it stand for twenty-four hours, after which filter through 
a weighed asbestos filtering tube or an unweighed filter, wash the pre- 
ciphateJVitiy^fljt of wine of about 8o per coat., till the substances to 
be removed, dry carefully, /acoordipg to § 99> 

and w&P^^fche case of large quantities tie final ignition is advan- 
tageously conducted in a stream of hydrogen ($ 108, flg.' 79), in order 
to be quite sure of effecting complete deedmpositioh. For the properties 
of the precipitate and residue, § 89. The results are satisfactory, 
though generally a little too low, as the bichloride of platinum 

* Ber, der deutsch. chem. Gesellsch. 1869; 295. 
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chloride of ammonium is not altogether insoluble in spirit of wine 
(Expt. No* 1 6) ; and as the fumes of chloride of ammonium are liable to 
carry away traces qf the yet undecomposed double chloride,, if the 
application of heat is not conducted with the greatest care. 

If the precipitated bichloride of platinum and chloride of ammonium 
were weighed in that form, the results would be inaccurate, since, as I 
have convinced myself by direct experiments, it is impossible to com- 
pletely free the double chloride, by washing with spirit of wine, from 
all traces of the chloride of ammonium thrown down with it, without 
dissolving at tlie same time, a notable portion of the double chloride. 
As a general rule, the results obtained by weighing the bichloride of 
platinum and chloride of ammonium in that form are one or two per 
cent, too high. 

b. By Precipitation as Bichloride of Platinum and Chloride of Po- 
tassium. 

Mix the solution, in a beaker, with potassa, until the greater part 
of the excess of acid (if there bo any) is neutralized ; add chloride of 
potassium slightly in excess, and finally a pretty large quantity of 
absolute alcohol ; should your solution of platinum be very dilute, 
you must concentrate it previously to the addition of the alcohol. After 
twenty-four hours, collect the precipitate upon a weighed asbestos fil- 
tering tube, wash with spirit of wine of 8o per cent., dry thoroughly at 
ioo°, and then convert into pure platinum according to § 97, 4, a, and 
weigh. For the properties of the precipitate and residue, see § 89. 

The results are more accurate than those obtained by method a y 
since, on the one hand, the bichloride of platinum and chloride of potas- 
sium is more insoluble in spirit of wine than the corresponding ammo- 
nium salt ; and, on the other hand, loss of substance is less likely to 
occur during ignition. To weigh the bichloride of platinum and 
chloride of potassium in that form would not be practicable, as it is. 
impossible to remove, by washing with spirit of wine, all traces of tho 
chloride of potassium thrown down with it, without, at the same time, 
dissolving a portion of the double chloride. 

c. By Precipitation as Bisulphide of Platinum . 

Precipitate the solution with sulphuretted hydrogen water or gas, 
according to circumstances, heat the mixture to incipient ebullition, 
filter, wash the precipitate, dry, and ignite according to § 52. For the 
properties of the precipitate and residue, see § 89. The results are 
accurate. 

d. By Ignition . , 

Same procpss as for gold, § 123. For the properties of the residue, 
see § 89. The results are most accurate. 

e. By Precipitation with Reducing Agents. 

Various reducing age&ts may be employed to precipitate platinum 
from its solutions iii; the metallic state. The reduction is very promptly 
effected by sulphate of iron and potassa or soda (the protosesquioxiue 
of iron being removed by subsequent addition of hydrochloric acid, 
Hempel), or by pure zinc or h&gnesitija (the excess of which is re- 
moved by hydrochloric acid); somewhlf more slowly, and only with 
a pplication of heat, by alkaline formiates. ' Nitrate of suboxide of 
Mercury also precipitates the whole of the platinum from solution 01 
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the bichloidde; upon igniting the brown precipitate obtained, fumes of 
subchloride of mercury escape, and metallic platinum remains. 

^ § 125* 

3. Teroxide of Antimony, 

a. Solution . 

Teroxide of antimony, and the compounds of that metal which are 
insoluble in water, or are decomposed by that agent, are dissolved in 
more or less concentrated hydrochloric acid. Metallic antimony is dis- 
solved best in nitrohydrochloric acid. The ebullition of a hydrochloric 
acid solution of terchloride of antimony is attended with volatilization 
of traces of the latter ; the concentration of a solution of the kind by 
evaporation involves accordingly loss of substance. Solutions so highly 
dilute as to necessitate a recourse to evaporation must therefore pre- 
viously be supersaturated with potassa. Hydrochloric acid solutions 
of teroxide of antimony, which it is intended to dilute with water must 
previously be mixed with tartaric acid, to prevent the separation of 
basic salt. In diluting an acid solution of antimonic acid in hydro- 
chloric acid, the water must not be added gradually and in small 
quantities at a time, which would mako the fluid turbid, but in sufficient 
quantity at once, which will leave the fluid clear. 

b. Determination. 

Antimony is weighed either as tersutphide or antimoniate of teroxide 
(Sb0 4 ), in separations it is sometimes weighed as metallic antimony ; or 
it is estimated volumetrically. 

The oxides of antimony, and their salts with readily volatile or de- 
composible oxygen acids may be converted into antimoniate of teroxide 
by simple ignition. Antimony in solution is almost invariably first pre- 
cipitated as sulphide, which is then, with the view of estimation, con- 
verted into anhydrous sulphide, or into antimoniate of teroxide, or 
determined volumetrically. Of the volumetric methods the first two 
are only to be used when the antimony is present as pure teroxide or 
terchloride. 


1 . Precipitation as Sulphide of Antimony. 

Add to the antimony solution hydrochloric acid, if not already 

present, then tartaric acid, and dilute with water, if necessary. Intro- 

duce the clear fluid into a flask, closed with a doubly perforated 

cork ; through one of the perforations passes a tube, bent outside at a 

right angle, which nearly extends to the bottom of the flask ; through 

the other perforation passes another tube, bent outside twice at right 
angles, which reaches only a short way into the flask ; th*e outer end 01 
this tube , dips slightly under water. Conduct through the first tube 

sulphur^^yivdrogen gas, until it predominates strongly ; p u ^ ^!° 

flask in^^HPrately warm place, and after some time conduct carbonic 

acid int^MKluid, until the excess of the other gas is almost completely 

removed. If there is no reason against it, irorp the presence of a by # 0 

quantity of hydrochloric acid, or from the presence of nitric acid, it 1 * * * * * * * * * * * * * 1S 

well to heat the solution diming the passing of the gas, finally even 

boiling. The precipitate is tn® denser, and may be very easily washed 

(Sharples*). 


t Zeitschr. f. anal. Chem. 10, 343. 
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Jf the amount of the precipitate is at all considerable , filter without 
intermission through a weighed filter, wash rapidly and thoroughly 
with water mixed with a few drops of sulphuretted hydrogen water, 
dry at ioo°, and weigh. .The precipitate so weighed always retains 
some water, and may, besides, contain free sulphur; in fact, it always 
contains the latter in cases where the antimony solution, besides ter- 
oxide or terchloride, contains antimonic acid or pentachloride of anti- 
mony, since the precipitation under these circumstances is preceded by 
a reduction of the higher oxide or chloride to teroxide or terchloride, 
accompanied by separation of sulphur (H. Rose). A further examina- 
tion of the precipitate is accordingly indispensable. To this end, treat 
a sample of the weighed precipitate with strong hydrochloric acid. If 

a. The sample dissolves to a clear fluid, this is a proof that the pre- 
cipitate only contains SbS g ; but if 

b. Sulphur separates, this shows that free sulphur is present. 

In case a (in order to remove the water retained at ioo°) the greater 
portion of the dried precipitate is weighed in a porcelain boat, which is 
then inserted into a glass tube, about 2 decimetres long ; a slow 
current of dry carbonic acid is transmitted through the latter, and the 
boat cautiously heated by means of a lamp, moved to and fro under it,, 
until the orange precipitate becomes black. The precipitate is then 
allowed to cool in the current of carbonic acid, and weighed ; from the 
amount found, the total quantity of anhydrous sulphide of antimony 
contained in the entire precipitate i» ascertained by a simple calcula- 
tion. The results are accurate. Expt. No. 75 gave 99*24 instead of 
100. But if the precipitate is simply dried at ioo°, the results are 
about 2 per cent, too high — see the same experiment. I) or the pro- 
perties of the precipitate see § 90. 

In case b , the precipitate is subjected to the same treatment as in a, 
with this difference only, that the contents of the boat are heated much 
more intensely, and the process is continued until no more sulphur is 
expelled. This removes the whole of the admixed sulphur ; the residue 
consists of pure tersulphide of antimony. It must be completely solu- 
ble in fuming hydrochloric acid on heating. 

If the amount of the precipitate is small , collect it in a weighed as- 
bestos filtering tube, dry in a slow current of carbonic acid at a gentle 
heat, heat finally rather more strongly till the sulphide has turned black 
and any free sulphur present has volatilized, allow to cool, replace the 
gas in the tube by air and. weight. Results quite satisfactory.* 

According to Bunsen it is best to convert the sulphide of antimony 
into antimoniate of teroxide (see 2). 

For the method of estimating the antimony in the sulphide volu- 
metrically and indirectly, see 3, c, 

2. Determination as Antimoniate of Teroxide. , 

, «• In the case of teroxide of antimony or a compound of the same 
with an easily volatile or decomposable oxygen acid, evaporate care- 
fu % with nitric acid, and ignite finally for some time till the weight is 
constant. The experiment may be safely made in a platinum crucible. 
With antimonic acid, the evaporation ’with nitric acid is unnecessary. 

If sulphide of antimony is to be Converted into antimoniate of 

* Zeitschr. f. anal. Chem. 8, i$5* 

QUANT, VOL. I. 
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teroxide, one of the two following methods given by Bunsen* i s 

employed : — ........ 

a. Moisten the dry sulphide of antimony with a few drops of nitric 
acid of i '42 sp. gr., then treat, in a .Wfighed porcelain crucible, with 
concave lid, with 8— io times the qiWtitj of fuming nitric acid, f and 
let the acid gradually evaporate on the water-bath. The sulphur 
separates at first as a fine powder, which, however, is readily and con,, 
pletely oxidized during the process of evaporation. The white residual 
mass in the crucible consists of antimonic acid and sulphuric acid, and 
may by ignition be converted, without loss, into antimoniate of teroxide 
of antimony. If the sulphide of antimony contains a large excess of 
free sulphur, this must first be removed by washing with bisulphide of 

/3. Mix the sulphide of antimony with 30 — 5 ° fi mes quantity of 
pure oxide of mercury, £ and heat the mixture gradually in an open 
porcelain crucible. As soon as oxidation begins, which may be known 
by the sudden evolution of gray mercurial fumes, moderate the he.it. 
When the evolution of mercurial fumes diminishes raise the temperature 
ao-ain, always taking care, however, that no reducing gases come in 
contact with the contents of the crucible. Remove the last traces of 
oxide of mercury over the blast gas-lamp, then weigh the residual fine 
white powder of antimoniate of teroxide of antimony. As oxide of 
mercury generally leaves a trifling fixed residue upon ignition, the 
amount of this should be determined once for all, the oxide of mercurv 
added approximately weighed, and the corresponding amount of to 
residue deducted from the antimoniate of teroxide of antimony. !l 
volatilization of the oxide of mercury proceeds much more rapidly when 
effected in a platinum crucible, instead of a porcelain one. But, it a 
platinum crucible is employed, it must be effectively protected trom 1 1<‘ 
action of antimony upon it, by a good lining of oxide of mercury.^, 
the sulphide of antimony contains free sulphur, this must first be re- 
moved by washing with bisulphide of carbon, before the oxidation can 
be proceeded with, since otherwise a slight deflagration is unavoidab e. 


3 . Volu metric Methods. 

a. Oxidation of Teroxide of Antimony to Antimonic Acid by Iodmi 
(MohrII). 

* Annal. d. Chem. u. Phafm. 106, 3. int 

t Nitric acid of 1-42 sp. gr. is not suitable for this purppse, as its wilir,] ^ 
is almost 10° above the fusing point of sulphur whieas » fuming J nitric acid U A ^ 
£6°, consequently below the fusing point of sulphur. With mtnc ^ ^ ^ 
gr., therefore, the separated sulphur fuses and forms drops, which obstinately 

.oxidation. ^ ^ hegt to uge *hat prepared in the wet way (§ 6 b, 4 )- t]ie 

- a Thi^M^cted best, according to Bunsen, in the following way : »<>« { 

•sealed romon test-tube before the glass-blower’s lamp ; place 1 the > _ it t() 

end in IhHfc of the platinum crucible, and blow into it, which will ca ^ the 
expand anKssume the exact form of the intern* of the Grumble. Crac . on> 
bottom oftheme flask so formed and smooth ' fo , 

A class is thus obtained, open at both ends, which exactly fits the cruci of 
.effect the lining by means of the 

mercury up to the brim, then force 

oecflsionalBr shakinz out the oxide of mercury 1 


» KWIUHUV OUU, -• -J - . the 

hottam’of the ^ ° f 

interior of theglaes. TbeinjidTW the ornoible ill thus with 

oxide of mercury 4—1 line thiok, which, after the removal Of the gia » 

with sufficient firmness, even upon ignition. 

jj His Lehrbueh der Titrirmethode, 3 Aufl. 270. 
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The oxidation is effected in alkaline solution, and proceeds accord- 
ing to the equation : Sb 0 3 + 1 , + cNaO = Sb 0 5 + cNal. This method 
cannot bo relied on except under very definite conditions ; for teroxide 
of antimony has not invariably the same tendency, in alkaline solution, 
to change to antimonic acid j ; b>pt this tendency is greater in presence 
of a large proportion of alkaKue catfxmate than in presence of a small 
proportion, and becomes constant only in presence of a certain excess of 
alkaline carbonate. To obtain accurate results, therefore, it is necessary 
to proceed as follows : — 

Dissolve a portion of the compound, containing about *i grrn. ter- 
oxide of antimony, in about io c.c. of tartaric acid and water, and add 
solution of carbonate of soda till the fluid is about neutral. Add now 
20 c.c. of a cold saturated solution of bicarbonate of soda; the fluid 
will remain clear ; add some starch paste, and finally, drop by drop, 
standard solution of iodine (§ 146), until the fluid, after being stirred, 
remains just blue. The disappearance of the color, a short time after, 
must not induce the operator to add any more solution of iodine; 
2 eq. of the iodine used correspond to 1 eq. teroxide of antimony. 

The results obtained are quite satisfactory (Expt. No. 76). I 
cannot recommend the use of the monocarbonate of soda which Moiir 
employed in his experiments, as that salt has of itself the property of 
fixing a considerable proportion of iodine, which varies, moreover, with 
the quantity of water used (Expt. No. 77) ; whilst this is not the case 
: with the bicarbonate (Expt. No. 78). Comp, also § 127, 5, a, 1, and 
| Expt. No. 79. 

j b. Oxidation of Teroxide of Antimony in hydrochloric acid solution 
by chromate or permanganate of potash. 

E. Kessler's* first description of this method was so wanting in 
precision that it could not be depended upon. However, he has sincof 
determined most accurately the conditions under which teroxide of 
antimony in acid solution may be satisfactorily titrated either with 
chromate of potash (the excess of the standard solution being determined 
with sulphate of iron) or with permanganate of potash. 


I. Titration with Bichromate of Potash. ' 

1. Requisites, 

a. Standard Solution of Arsenious Acid. Dissolve exactly 5 grm. pure 
arsenious acid by the aid of some soda solution, add hydrochloric acid 
till slightly acid, then 100 c.c. more of hydrochloric acid of r 12 sp. gr., 
<UK j dilute to 1000 c.c. Each c.c. contains *005 grm. arsenious acid 
and corresponds to *00734 teroxide of antimony. 

0 . Solution of Bichromate of Potassa. Dissolve about 2*5 grm. to 1 


y. Solution of Protosulphate of Iron . Dissolve about ri grm. iron 
lr W° c .* c * dilute sulphuric acid (1 to 4), filter, and dilute to 1 litre. 

. , ; Elution of Ferricyanideof Potassium . Should be tolerably dilute 
an d freshly prepared, f,- 

2. Determination or MBE Solutions. 
r a * faction between the Solution of Chromate and the Solution of 
on ' ™n into a beaker to c.c. of the chromate solution from the burette* 

* Pogg. Annal. 95, 204. 

t lb. 118, 17; andZeitschr, f. anal. Chem. 2, 383. 
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add 5 c.c. of hydrochloric acid and 50 c.c. water, and then add iron 
solution from a burette till the fluid is green. Continue adding the 
iron solution, a c.c. at a time, testing after each addition whether a. 
drop of the fluid, when brought in contact with a drop of the feni- 
cyanide of potassium, on a porcelain plate, manifests a decided protoxide 
of iron reaction. As soon as this point is attained, add *5 c.c. of 
chromate solution, and then iron solution two drops at a time, till the 
blue reaction just occurs. Now read off both burettes, and calculate 
how much chromate solution corresponds to 10 c.c. of iron solution. 
This experiment is to be repeated before every fresh series of analyses, 
as the iron solution gradually oxidizes. 

/3. Relation between the Chromate Solution and the Solution of 
Arsenious Acid. Transfer 10 c.c. of the arsenic solution to a beaker, add 
20 c.c. hydrochloric acid of V2 sp. gr., and 80 — 100 c.c.* water, run in 
chromate solution till the yellow color of the fluid shows an excess, 
wait a few minutes, add excess of iron solution, then again *5 chromate 
solution, and finally again iron solution till the end-reaction appears 
(see above). Deduct from the total quantity of chromate solution 
employed, the amount corresponding to the iron used, and from the 
datum thus afforded calculate how much teroxide of antimony cor- 
responds to 1 60 c.c. of chromate solution ; in other words, how much 
SbO # is converted by the quantity of chromate mentioned into Sb0 5 . 

3. Tiie actual Analysis. 

In the absence of organic matter, heavy metallic oxides, and other 
bodies which are detrimental to the reaction, dissolve the substance 
containing teroxide of antimony, at once in hydrochloric acid. The 
solution should contain not less than J of its volume of hydrochloric acid 1 
of i*i2 sp. gr. It is not advisable, on the other hand, that it should 
contain more than |, otherwise the end-reaction with f err icy ankle of 
potassium is slower in making its appearance and loses its nicety. 
Tartaric acid cannot be employed as a solvent, since it interferes with 
the action of chromic acid on protoxide of iron. Now proceed as 
directed in 2. If the direct determination of the hydrochloric acid, 
solution is not practicable, precipitate it with sulphuretted hydrogen. 
Wash the precipitate, transfer it, together with the filter, to a small 
flask; treat it with a sufficiency of hydrochloric acid, dissolve bv 
digestion on the water-bath, add a sufficient quantity of a nearly 
saturated solution of chloride of mercury in hydrochloric acid of n- 
sp. gr. to remove the sulphuretted hydrogen, and then proceed as 
directed. 

II. Titration with Permanganate of Potash. 

Here also the fluid must contain at least ^ of its volume of hydro- 
chloric acid of 1*12 sp.gr. The permanganate solution, which may 
contain about 1*5 grm. of the crystallized salt in a litre is added to 
permanent reddening. The end-reaction is exact, and the oxidation <> 
the teroxide of antimony to antimonic acid goes on uniformly, althoug 1 
the degree of dilution may vary, provided the above relation between 
hydrochloric acid and water is kept up. It is not well that the hydro- 
chloric acid should exceed J of the volume of the fluid, as in that cm# 

* The water must be measured, for the action of chromic acid on arseniou? 

(and also on teroxide of antimony) is normal only if the fluid contains at leas 
sixth of its volume of hydrochloric acid of 1*12 sp gr. 
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the end-reaction would be too transitory. Tartaric acid, at least in the 
proportion to teroxide of antimony in which it exists in tartar emetic, 
does not interfere with the reaction. Hence the permanganate may be 
standardized by the aid of solution of tartar emetic of known strength. 

If you have to analyse sulphide of antimony, proceed as directed 
I, 3 ; make the fluid mixed with chloride of mercury up to a certain 
volume, allow to settle, and use a measured portion of the perfectly clear 
solution for the experiment. 

My own experiments* have shown that Kessler’s methods are also 
suitable for the estimation of very small quantities of antimony. 

c. Volumetric Estimation by determining the Sulphuretted Hydrogen 
given up by the Sulphide (It. ScHNEiDERf). 

Both tersulphide and pentasulphide yield under the action of boiling 
hydrochloric acid 3 eq. of sulphuretted hydrogen for every 1 eq. of 
antimony. Hence, if the amount of the gas evolved under such circum- 
stances is estimated, the amount of antimony is known. 

For decomposing the sulphide and absorbing the gas the same 
.apparatus serves as Bunsen employs for his iodimetric analyses (§ 130). 
The size of the boiling flask should depend on the quantity of sulphide ; 
for quantities up to *4 grm. SbS $ , a flask of 100 c.c. is large enough; 
for *4—1 grm., use a 200 c.c. flask. The body of the flask should be 
-spherical, the neck rather narrow, long, and cylindrical. If the sul- 
phide of antimony is on a filter, put both together into the flask. The 
hydrochloric acid should not be too concentrated. 

The determination of the sulphuretted hydrogen is best conducted 
according to the method given in § 148, b. The results obtained by 
Schneider are satisfactory. If the precipitate contains chloride of 
antimony, the results are of course false, and this would actually be the 
case if on precipitation with sulphuretted hydrogen the addition of the 
tartaric acid were omitted. 

§ 126. 

4. Protoxide of Tin, and 5, Binoxide of Tin. 

a. Solution . 

In dissolving compounds of tin soluble in water, a little hydrochloric 
acid is added to insure a clear solution. Nearly all the compounds of 
tin insoluble in water dissolve in hydrochloric acid or in aqua regia. 
The hydrate of metastannic acid may be dissolved by boiling with hydro- 
chloric acid, decanting the fluid, and treating the residue with a largo 
proportion of water. Ignited binoxide of tin, and compounds of the 
binoxide insojuble in acids, are prepared for solution in hydrochloric 
acid, by reducing them to the state of a fine powder, and fusing in a 
■silver crucible with hydrate of potassa, or soda, in excess. Metallic tin 
is dissolved best in aqua regia ; the solution frequently contains meta- 
stannic chloride mixed with the bichloride of tin (Th. ScheererJ). It 
ls generally determined, however, by converting it into binoxide, with- 
cut previous solution. Aeid solutions of binoxide of tin, which con- 
am hydrochloric acid, or a chloride, cannot be concentrated by evapo- 
^tion, not even after addition of nitric acid or sulphuric acid, without 
volatilization of b:ch!orido of tin taking place. 

* Zeitschr. f. anal. Chem. 8 155. t Pogg. Annal. no, 634. 

$ Journ. f. prakt. Cliem. N. F. 3, 472. 
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b. Determination . 

Tin is weighed in the form of binoxide , into which it is converted, 
either by the agency of nitric acid, or by precipitation as hydrated 
binoxide, or by precipitation as sulphide. A great many volumetric 
methods of estimating tin have been jfroposed. They all depend on 
obtaining the tin in solution in the condition of protochloride, and con- 
verting this into bichloride either in alkaline or acid solution. A few 
only yield satisfactory results. 

We may convert into 

Binoxide of tin: 

a. By the agency of nitric acid. Metallic tin, and those compounds 
of tin which contain no fixed acids, provided no compounds of chlorine 
be present. 

b. By Precipitation as hydrated binoxide. All compounds of tin 
containing volatile acids, provided no non-volatile organic substances 
nor sesquioxide of iron be present. 

c. By Precipitation as sulphide. All compounds of tin without 
exception. 

In methods a and c, it is quite indifferent whether the tin is present 
in the state of protoxide or in that of binoxide. The method b requires 
the tin to be present in the state of binoxide. The volumetric methods 
may bo employed in all cases ; but the estimation is simple and direct 
only where the tin is in solution as protochloride and free from other 
oxidizable bodies, or can readily be brought into this state. For the 
methods of determining the protoxide and binoxide in presence of each 
other, I refer to Section V. 

i. Determination of Tin as Binoxide. 

a. By Treating with nitric acid. 

This method is resorted to principally to convert the metallic tin 
into binoxide. For this purpose the finely-divided metal is put into a 
capacious flask, and moderately concentrated pure nitric acid (about 
i ’3 sp. gr.) gradually poured over it ; the flask is covered with a watch 
glass. When the first tumultuous action of the acid has somewhat 
abated, a gentle heat is applied until the metastannic hydrate formed 
appears of a pure white color, and further action of the acid is no 
longer perceptible. The contents of the flask are then transferred to a 
porcelain dish and evaporated on a water^bath nearlyjo dryness, water 
is then added, and the precipitate is collected on a- filter, washed, til 
the washings scarcely redden litmus paper, dried, ignited, and weighed. 
The ignition is effected best in a small porcelain Crucible, according to 
§ 53 ; stili^jlntinum crucible may also be used. A simple red heat is 
not sufficieHBp drive off all the water ; the ignition must therefore o 
finished o^ra gas blowpipe. Compounds of tin which contain no 
fixed substances may be converted into binoxide by treating them 
in a porcelain ^crucible with nitric acid, .evaporating to dryness, am 
igniting the residue. If sulphuric acid he present, the expulsion ‘ 
that acid may be promoted, ;in the last I mages of the process, by c * 
bonate of ammonia, as in theoase of bisulphate of potassa (§ 97) 1 
also the heat must be increased as much as possible at the end. 
the properties of the residue, see § 91. There are no inherent soui 
of error. 
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b. By Precipitation as hydrate of binoxide. 

The application of this method presupposes the whole of the tin to be 
present in the state of binoxide or bichloride. Therefore, if a solution 
contains protoxide, either mix with chlorine water, or conduct chlorine 
gas into it, or heat gently, witty chlorate of potassa, until the conversion 
of the protoxide into binoxide is effected. When this has been done, 
add ammonia until a permanent precipitate just begins to form, and then 
hydrochloric acid, drop by drop, until this precipitate is completely re- 
dissolved; by this means a large excess of hydrochloric acid in the 
solution will be avoided. Add to the fluid so prepared a concentrated 
solution of nitrate of ammonia (or sulphate of soda), and apply heat for 
some time, whereupon the whole of the tin will precipitate as hydrate of 
binoxide. Decant thrco times on to a filter, then collect the precipitate 
on the latter, wash thoroughly, dry, and ignite. To make quite sure 
that the whole of the tin has separated, you need simply, before proceed- 
ing to fdter, add a few drops of the clear supernatant fluid to a hot. 
solution of nitrate of ammonia, or sulphate of soda, when the formation 
or non-formation of a precipitate will at once decide the question. The 
tin is also precipitated from metastannic chloride by the above reagents. 

This method, which we owe to J. Lowenthal, has been repeatedly 
tested by him in my own laboratory,* is easy and convenient, and gives 
very accurate results. The decomposition is expressed by the equation, 
SnCl 2 + 2 (NH 4 0,lsr0 5 ) + 2IIO = SnO, + 2 NH 4 C1 + 2 (NO a ,HO), or in pre- 
cipitating with sulphate of soda : SnCl 2 + 4(Na0,S0 8 ) + 2 II0 = SnO„ + 
2NaCl+ 2 (Na0,H0, 2 S0 8 ). 

Tin may also, according to II. RosE,f be completely precipitated 
from solutions of the binoxide or bichloride, by sulphuric acid. If the 
solution contains metastannic acid or metaehlorido of tin, the precipita- 
tion is effected without extraordinary dilution ; on the other hand, if it 
contains the other modifications of the binoxide or bichloride, very 
considerable dilution is necessary. If free hydrochloric acid is absent, 
the precipitation is rapid ; in other cases i 2 or 24 hours at least are 
required for perfect precipitation. Allow to settle thoroughly, beforo 
filtering, wash well (if hydrochloric acid was present, till the washings 
give no turbidity with nitrate of silver), dry and ignite, at last intensely 
with addition of some carbonate of ammonia. The results obtained by 
Oesten, and comnlunicated by II. Rose, are exact. 

c. By Precipitation as Protosulph ide or Bisulphide of Tin. 

Precipitate the dilute moderately acid solution with sulphuretted 

hydrogen water or gas. If the tin was present in the solution in the 
form of protoxide, and the precipitate consists accordingly of the brown 
protosulphide^ keep the solution, supersaturated with sulphuretted hy- 
drogen, standing for half an hour in a moderately warm place, and then 
filter. If } on the other hand, the solution contain a salt of binoxide of 
tm or metastannic oxide, and the precipitate is yellow and consists of 
bisulphide mixed with binoxide, or yellowish brown and consists of 
hydrated metastannic sulphide mixed with metastannic acid (Barfoed, 
P* * 55 ) Th. Scheerbr!;), the fluid, loosely covered, dn a warm place, 
until the odor of sulphuretted 'hydrogen has nearly gone off, and 
then filter. ’ The. ^hing > ^'the ; Tt)isulphide of tin precipitate which has 

* Journ. f. prakfc. Chem. 56, 366. t Pogg. Ann. 112, 164. 

X Journ. f. prakt. Chem. N. F. 3, 472.’ 
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a great inclination to pass through the filter, is best effected with a con- 
centrated solution of chloride of sodium, the remains of the latter being 
got rid of by a solution of acetate of ammonia containing a small excess 
of acetic acid. If there is no objection to having the latter salt in the 
filtrate, the washing may be entirely effected by its means (Bunsen* * * § ). 
Transfer the dry precipitate as completely as possible to a watch glass, 
burn the filter carefully in a weighed porcelain crucible, moisten the 
ash with nitric* acid, ignite, allow to cool, add the precipitate, cover 
the crucible, heat gently for some time (slight decrepitation often 
occurs), remove the lid and heat gently with access of air, till sulphu- 
rous acid has almost ceased to be formed. (If too much heat is applied 
at first, bisulphide of tin volatilizes, the fumes of which give binoxide.) 
Now heat strongly, allow to cool, and heat repeatedly with pieces of 
carbonate of ammonia to a high degree, to drive out the last portions 
of sulphuric acid. When the weight remains constant the experiment 
is ended (II. Rose). For the properties of the precipitates, see § 91. 
The results are accurate. 

2. Volumetric Methods. 

The determination of tin by the conversion of the proto- into bichlo- 
ride with the aid of oxidizing agents (bichromate of potassa, iodine, per- 
mangate of potassa, &c.) offers peculiar difficulties, inasmuch as on the 
one hand the protochlorido of tin takes up oxygen from the air and 
from the water used for dilution, with more or less rapidity, according 
to circumstances ; and on the other hand, the energy of the oxidizing 
agent is not always the same, being influenced by the state of dilution 
and the presence of a larger or smaller excess of acid. 

In the following methods, these sources of error are avoided or 
limited in such a manner as to render the results satisfactory. 

1. Estimation of Protochloride of Tin by Iodine in Alkaline 
Solution (after LENSSENf). 

Dissolve the proto-salt of tin or the metallic tinj in hydrochloric acid 
(preferably in a stream of carbonic acid), add Rochelle salt, then bicar- 
bonate of soda in excess. To the clear slightly alkaline solution thus 
formed add some starch-solution, and afterwards the iodine solution of 
§ 146, till a permanent blue coloration appears. 1 eq. free iodine used 
corresponds to 1 eq. tin. 

Lenssen’s results are entirely satisfactory. 

2. Estimation of Protochloride of Tin , after addition of 
Sesquichloride of Iron. 

The fact that protochloride of tin in acid solution cap be far more 
accurately oxidized by oxidizing agents after being mixed with scsqui- 
chloride of nft (or even with chloride of copper) than without this 
addition, w^pfrst settled by Lowenthal.§ Subsequently StromeyerII 

* Annal. d-Chem, u. Pharm. 106, 13. 

t Joum. f. prakt. Chem. 78, 200; Annal. d. Chem. u. Pharm. 

t The solution of metallio tm is much assisted by the presence of platinum 101* 
which is accordingly added. Lenssen found this addition of platinum to be objec- 
tionable ; but no other experimenter has observed that it interferes with the acc * 
racy of the results. 

§ Journ. f. prakt. Chem. 76, 484. 

U A mud. d. Chem. u. Pharm. 117, 261. 
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published some experiments leading to the same results, together with 
practical remarks on the best way of carrying out the method in diffe- 
rent cases. The processes thus originated, .and which have been well 
tested, are as follows : — 

a. The given substance is a proto-salt of tin. Dissolve in pure 
sesquichloride of iron (free from protochloride) with addition of hydro- 
chloric acid, dilute and add standard permanganate from the burette. 
Now make another experiment with the same quantity of water simi- 
larly colored with sesquichloride of iron to ascertain how much per- 
manganate is required to tinge the liquid, and subtract the quantity so 
used from the amount employed in the actual analysis, and from the 
remainder calculate the tin. 

The reaction between the tin salt and the iron solution is SnCl + 
Fe 2 Cl 3 = SnCl 2 + sFeCl. The solution thus contains protochloride of 
iron in the place of proto-salt of tin, the former being, as is well known, 
far less susceptible of alteration from the action of free oxygen than 
the latter. 2 eq. iron found corresponds to 1 eq. tin. It must not 
be forgotten that the titration takes place in presence of hydrochloric 
acid, see p. 219, y. The results cannot be considered accurate unless 
the standardizing of the permanganate and the analysis take place 
under similar conditions as regards dilution and amount of hydrochloric 
acid. 

b. The given substance is metallic tin. Either dissolve in hydro- 
chloric acid — preferably with addition of platinum and in an atmosphere 
of carbonic acid — and treat the solution according to a, or place the 
substance at once in a concentrated solution of sesquichloride of iron, 
mixed with a little hydrochloric acid ; under these circumstances it will, 
if finely divided, dissolve quickly, even in the cold, and without evolution 
of hydrogen. Gentle warming is unobjectionable. Now add the 
permanganate. The reaction is Sn + 2Fe 2 Cl 3 = SnCl 2 + 4FeCl, there- 
fore every 4 eq. iron found reduced corresponds to 1 eq. tin. The 
results are of course only correct when iron is not present. Where this 
is the case, proceed with the impure tin solution according to c. 

c. The given substance is bichloride of tin, or binoxide of tin, or a 
compound of tin containing iron. Dissolve in water with addition of 
hydrochloric acid, place a plate of zinc in the solution and allow to 
stand twelve hours, then remove the precipitated tin with a paint-brush, 
wash it, dissolve in sesquichloride of iron, and proceed as in b. 

d. The given sulphide is pure bisulphide of tin, precipitated out 
of an acid solution of binoxide free from protoxide. • Mix with sesqui- 
chloride of iron, heat gently, filter off the sulphur, and then add the 
permanganate. 4 eq. iron corresponds to 1 eq. tin for, SnS 2 + 2Fe a Cl 3 = 
k n yl, + 4FeCl ± 2S. The results obtained by Stromeyer are quite 
satisfactory. As regards the precipitated sulphide of tin, see Barfoed, 

§ I2 7» 

6. Arsenious Acid, and 7. Arsenic Acid. 
f* Solution. ^ w 

IFe compounds of arsenious and arsenic acids which are not soluble 
n water are dissolved in hydrochloric acid or in nitrohydrochloric 
aci( ^' Some native arseniates require fusing with carbonate of soda. 
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Metallic arsenic, sulphide of arsenic, and metallic arsenides are dis- 
solved in fuming nitric acid or nitrohydrochlorlc acid, or a solution of 
bromine in hydrochloric acid ; those metallic arsenides which are in- 
soluble in these menstrua are fused with carbonate of soda and nitrate 
of potassa, by which means they are converted into soluble arseniates 
of the alkalies and insoluble metallic oxides, or they may be suspended 
in potassa solution and treated with chlorine (§ 164, B, 7). In this last 
manner too, sulphide of arsenic, dissolved in concentrated potassa, may- 
be very easily rendered soluble. All solutions of compounds of arsenic 
which have been effected by long heating with fuming nitric acid, or 
by warming with excess of nitrohydrochloric acid, or chlorine, contain 
arsenic acid. A solution of arsenious acid in hydrochloric acid cannot 
be concentrated by evaporation, since chloride of arsenic would escape 
with the hydrochloric acid fumes. This, however, less readily takes 
place if the solution contains arsenic acid ; in fact, it only occurs in 
the presence of a large proportion of hydrochloric acid (for instance, 
half the volume of hydrochloric acid of 1*12 sp.gr.*). It is therefore 
advisable in most cases where a hydrochloric acid solution containing 
arsenic is to be concentrated, previously to render the same alkaline. 

h. Determination. 

Arsenic is weighed as arseniate of lead, as arseniate of magnesia and 
ammonia , as arseniate of magnesia, as arseniate of uranium, or as ter sul- 
phide of arsenic . The determination as arseniate of magnesia and am- 
monia is sometimes preceded by precipitation as arsenio-molybdate of 
ammonia. The method recommended by Berthier and modified by 
v. Kobell of separating the arsenic as basic arseniate of iron is only 
used in separations. Arsenic may be estimated also in an indirect way, 
and by volumetric methods . 

We may convert into 

1. Arseniate of lead: Arsenious and arsenic acids in aqueous or 
nitric acid solution. (Acids or halogens forming fixed salts with lead, 
and also ammonia salts, must not be present). 

2. Arseniate of magnesia and ammonia, or arseniate of mag- 
nesia. 

a. By direct Precipitation. Arsenic acid in all solutions: free from 
bases or acids precipitable by magnesia or ammonia. 

h. Preceded by Precipitation as arsenio-molybdate ojfimnmonia. Ar- 
senic acid in all cases where no phosphoric a^id is present, little or no 
hydrochloric acid, nor any substance which decomposes molybdic acid. 

3. Abseniate of uranium: Arsenic acid iff all combinations soluble 

in water and acetic acid. •/ 

4. Tersclphide of arsenic: All comppun^ of- arsenic without 

exception. 1|| J. ; 

Arsenic!®' be determined volumet^&ll£ln/a/ ; simple and exa- 
manner, whether present in the form of • a^mious acicl or an a.lkain|^ 
arsenite, or as' arsenic acid or an alk^fiffg&rseniatev The volume V 
methods have now almost enijrely superseded the indirect graving r 
methods formerly employed to effect the estimation of arsenious aci • 

* Zeitschr. f. anal. Chem. 1, 448. • 
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1. Determination as Arseniate of Lead. 

a. Arsenic Acid in Aqueous Solution . 

A weighed portion of the solution is put into a platinum or porcelain 
dish, and a weighed amount of recently ignited pure oxide of lead 
added (about five or six times the supposed quantity of arsenic acid 
present); the mixture is cautiously evaporated to dryness, and the 
residue heated to gentle redness, and maintained some time . at this 
temperature. The residue is arseniate of lead 4- oxide of lead. The 
quantity of arsenic a,cid is now readily found by subtracting from the 
weight of the residue that of the oxide of lead added. For the pro- 
perties of arseniate of lead, see § 92. The results are accurate, provided 
the residue be not heated beyond gentle redness. 

b. Arsenious Acid in Solution . 

Mix the solution with nitric acid, evaporate to a small bulk, add a 
weighed quantity of oxide of lead in excess, evaporate to dryness, and 
ignite the residue most cautiously in a covered orucible, until the whole 
of the nitrate of lead is decomposed. The residue consists here also of 
arsenic acid + oxide of lead. This method requires considerable care to 
guard against loss by decrepitation upon ignition of the nitrate of lead. 

2. Estimation as Arseniate of Magnesia and Ammonia , or Arseniate , 
of Magnesia. 

a. By direct Precipitation . 

This method, which was first recommended by Levol, presupposes 
the whole of the arsenic in the form of arsenic acid. Where this is 
not the case, the solution is gently heated, in a capacious flask, with 
hydrochloric acid, and chlorate of potassa added in small portions, until 
the fluid emits a strong smell of chlorous acid ; it is then allowed to 
stand at a gentle heat until the odor of this gas is nearly gone off. 

The arsenic acid solution is now mixed with ammonia in excess, 
which must not produce turbidity, even after standing some time ; 
magnesia mixture is then added (§ 62,6). The fluid, which smells, 
strongly of ammonia, is allowed to stand 24 or 48 hours in the cold 
well covered, and then filtered through a weighed filter. The precipitate 
is then transferred to the filter, with the aid of portions of the filtrate 
so as to use no more washing water than necessary, and washed with 
small quantities of a mixture of three parts water and one part am- 
monia, till the washings on being mixed with nitric acid and nitrate of 
silver show ho opalescence. The precipitate is dried at io2°to 103% 
and weighed. It has t# formula 2 Mg0,NH < 0,As0 5 + aq * As the 
drying of arseniate of ammonia and magnesia till its weight is constant 
requires mucl^ time and repeated weighings, it is a great advantage 
la t we can now convert it without loss of arsenic into arseniate of 
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in a porcelain crucible. After cooling, transfer the precipitate to the 
crucible, heat in an air-bath to about 130°, continue heating for 2 hours 
on a sand-bath, then heat for an hour or two on an iron plate a little 
more strongly, and when the ammonia has been thus entirely expelled 
ignite strongly for some time over the lamp. The process may be 
shortened by conducting the heating in a Rose’s crucible in a slow cur- 
rent of oxygen. The ammonia may then be driven off in 10 minutes 
and after the precipitate has been at last strongly heated, it will be ready 
to weigh. For the properties of the arseniate of ammonia and magnesia 
and the arseniate of magnesia, see § 92. The method yields satisfactory 
results, since tho small loss of precipitate dissolved in the filtrate and 
washings is counterbalanced by the presence of a trace of basic sulphate 
of magnesia (Puller). Pjjller with a quantity of *37 grm, arseniate 
of magnesia and ammonia lost only a fraction of a milligramme ; on 
the addition of a large proportion of chloride of ammonium the loss rose 
to about *002 grm. The correction for the solubility of the precipitate 
in the ammoniacal filtrate containing excess of magnesia mixture is 
•001 grm. of 2Mg0,NH 4 0,As0 s + aq. for 30 c.c. 

h. Preceded by Precipitation as Arsenio-molybdate of Ammonia. 

Mix the acid solution, which must be free from phosphoric and silicic 
acids, with an excess of solution of molybdate of ammonia. The 
molybdate of ammonia solution should have been previously mixed 
with nitric acid in excess, and the whole process is conducted exactly 
as in the case of phosphoric acid — see § 134, b f ft. After dissolving the 
arsenio-molybdate in ammonia, neutralize the latter partially with 
hydrochloric acid. Treat the arseniate of magnesia and ammonia as in 
a. Results satisfactory. 

3. Estimation as Arseniate of Uranium. 

This method was first proposed by Werther.* It has been care- 
fully studied by PullerT in my laboratory and gives thoroughly satis- 
factory results. Mix the arsenic acid solution with potash or ammonia 
in excess and then a good excess of acetic acid. (If a precipitate of 
arseniate of iron or alumina here remains insoluble the method would 
be inapplicable.) Add acetate of uranium in excess and boil. Wash 
the slimy precipitate of arseniate of uranium or arseniate of uranium 
and ammonia by decantation with boiling water and then transfer to a 
filter. The addition of a few drops of chloroform to the partly cool 
fluid will hasten tho deposition of the precipitate. Dry, transfer tho 
precipitate to a watch-glass, cleaning the After as much as possible, 
saturate the latter with nitrate of ammonia, dry it, incinerate in a 
porcelain crucible, and add the precipitate. If the precipitate contains 
ammonia, heat very cautiously, finally adding nitric acifl, or ignite in 
oxygen. • (See 2, a.) If the precipitate is free from ammonia, ignite in 
the ordjjlary way. Ammonia salts do not interfere, properties of the 
precipitate and residue, § 92, e. 

4. Estimation as Ter sulphide of Arsenic . 

a. In solutions of Arsenious Acid or Arsenites free from Arsenic 
Acid, 

The solution should be strongly acid with hydrochloric acid. P r0 ' 
cipitate with sulphuretted hydrogen and expel the excess with carbonic 

* Journ. f. prakt. Chem. 43, 346. ” f Zeitschr. f. anoL Chera. 10, 7 2 * 
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acid. Pass the latter through the solution for an hour, a longer time 
is useless. (See § 125, 1.) Wash the precipitate thoroughly and dry at 
ioo° till the weight is constant. Particles of the precipitate which 
adhere so firmly to the glass that they cannot be removed mechanically 
are dissolved in ammonia and reprecipitated with hydrochloric acid. 
Properties of the' precipitate, § 92. Do not omit to test a weighed 
portion to see whether it completely volatilizes on heating. If a residue 
remains it is to be weighed and the proportional quantity deducted from 
the total weight of the precipitate. Results accurate. 

If the solution contains any substance which decomposes sul- 
phuretted hydrogen, such as sesquichlorido of iron, chromic acid, <fcc., 
the precipitate produced in the cold contains an admixture of finely 
divided sulphur. It should be collected in the same manner on a filter 
dried at ioo° and weighed, washed and dried. Extract the admixed 
sulphur with purified bisulphide of carbon (which should leave no 
residue on evaporation), continuing till the fluid which runs through 
leaves no residue. Dry at ioo° till the weight is constant. From 
experiments made in my laboratory it appears that the results thus 
obtained are quite accurate, even when the amount of admixed sulphur 
is largo ;‘ but the precipitation must have been effected in the cold. If 
on the contrary heat is used, the sulphur is in the form of small 
agglutinated grains and cannot be completely extracted by cold bisuh 
phide of carbon on the filter. However, it may be extracted by remov- 
ing the precipitate from the filter and repeatedly digesting it with the 
bisulphide on a water bath (Puller*). 

Instead of purifying the sulphide of arsenic you may estimate the 
arsenic in the mixture of the sulphide with sulphur as follows:- 
Dissolve the precipitate in strong potash, and pass chlorine into the 
solution (§ 148, II. 2, b). The arsenic and the sulphur are converted 
into arsenic and sulphuric acid respectively; the former may be 
estimated according to 2, a, or the latter according to § 132. In the 
latter case, deduct the sulphur found from the weight of the arsenical 
precipitate. There is no loss of arsenic in this process from volatiliza- 
tion of the chloride, as the solution remains alkaline. The object may 
also be conveniently attained by the use of nitric acid. A very strong 
fuming acid, of 86° boiling point, is employed; an acid of 1*42 sp. gr. 
which boils at a higher temperature does not answer the purpose, as the 
separated sulphur would fuse, and its oxidation would be much re- 
tarded. The well dried precipitate is shaken into a small porcelain 
dish, treated with a tolerably large excess of the fuming nitric acid, the 
dish immediately covered with a clock-glass, and, as soon as the tur- 
bulence of thq first action has somewhat abated, heated on a water- 
bath, till all* the sulphur has disappeared, and the nitric acid has 
evaporated to a small volume. The filter to which the unremovable 
traces of sulphide of arsenic adhere is treated separately in the same 
n^nner, the complete destruction of the organic matter being finally 
e ffected by gently warming the somewhat dilute solution with chlorate 
°t potassa (BuNSENf). Or the filter may instead be extracted with 
ammonia, the solution evaporated in a separate dish, and the residual 
ersulphide treated as above. In the mixed solution the arsenic acid is 
finally precipitated as arseniate of magnesia and ammonia (§ 127, 2 a). 

* Zeitschr. f. anal. Chem. 10, 46 et seq. 

+ Annal. d. Chem. u. Pharm. 106, 10. 
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Treatment of the impure precipitate with ammonia, whereby the sul- 
phide is dissolved, and the sulphur is suppled to remain behind, only 
gives approximate results, as the ammoniacal volution of tersulphide of 
arsenic takes up a little sulphur, ■ * ■ . , ' • 

, ! \ * * 

K In solutiom^ofArsen^Acidf ortfitin&ciure of the two Oxides of 

Arsenic. 

Heat the solution in a flask (preferably on ah iron plate) to about 
70*, and conduct sulphuretted hydrogen at jfche^Amb time into the fluid 
as long as precipitation takes place. The precipitate formed is always 
a mixture of sulphur and tersulphide of arsenic, since the arsenic acid 
is first reduced to arsenious acid with separation of sulphur, and then 
the former is decomposed (H. Rose*). Only in the case when a sul- 
phosalt containing pentasulphide of arsenic is decomposed with an acid, 
is the- precipitate actually pentasulphidej and not merely a mixture of 
sulphur with tersulphide (A. Fucnsf). To convert this mixture of 
tersulphide of arsenic and granular sulphur into pure tersulphide, 
suitable for weighing, treat it as follows : — Extract the washed and still 
moist precipitate on the filter with ammonia, wash the residual sulphur, 
precipitate the solution with hydrochloric acid without heat, filter, dry, 
extract with bisulphide of carbon, dry at ioo°, and weigh. Results 
accurate. The mixture of tersulphide of arsenic and sulphur obtained 
by hot precipitation may, of course, also be estimated directly or in- 
directly after one of the other methods in 4, a. 

5. Volumetric Methods . ** ' 

a. Methods which presuppose the presence of Arsenious Acid. 

1. Fr. Mohr’s method^ This method is based upon the same 
principle as the one given for teroxide of antimony in § 125, 3, a, i.e., 
conversion of arsenious acid in alkaline solution into arsenic acid by 
solution of iodine (As 0 3 4- 2NaO + 2I = AsO a 4- 2NaI). 

If, therefore, you have arsenious acid or an alkaline arsenite in 
aqueous solution, mix a weighed or measured quantity of the fluid, con- 
taining about *1 grm. AsO a , with 20 c.c. of a saturated solution of 
bicarbonate of soda (purified by washing with water) ; add some starch- 
paste, then standard solution of iodine (§ 146), until the iodide of starch 
reaction just makes its appearance; reckon for- every 2 eq. iodide used 
1 eq. arsenious acid. If the solution of arsenious acid is acid, you 
must first neutralize it with pure carbonate Of soda, if Alkaline, with 
pure hydrochloric acid, before proceeding to add the bicarbonate of 
soda. Of course, the solution must contain no substances which act 
upon solution of iodine (S 0 2 ,S a 0 3 ). The results are accurate; compare 
Expt. No. 79, also Waitz.§ v 

2. Kessler’s met hod. 1 1 This is based on the same principle as the 
method giv enipr antimony, § 125, 3, b, viz., upon the .oxjjjtf^ of the 
arsenious aejMMy*ydrochloric solution to 

of potaafc^f^Hf'process is exactly shailaf^TS^Jpflts are only 

* I^g. An»^^ 186. ’’ l89- 

* ills Lenroucn der TitnrmMnoae, 1 Aim. $7$. . • 

§ Zeitsclir. f. anal. Chem. it>, i 6 x ' convert the arsenic m 

the tersulphide into alkaline areCmte were not successful. * 

|| Pogg. AnuaL 95, 204 i 1 13, 134; US, 17; , 

If Perman lte te of potash may also be used, excess beiDgadded, and the law 
being estimatSfpth iron. However, the permanganate should only be useu 
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trustworthy when at least tn^e-sixth of the volume of the fluid consists 
Kf hydrochloric acid of Vi 2 sp. gr. However, the hydrochloric acid 
[hould not exceed half the volume of the fluid, or the end-reaction 


lepending on the formation of .ferricyanide of iron will be slower in 
biaking its appearance, and ; yrill lose its sharpness. 

If for any reason the direct titration of the hydrochloric solution is 
impracticable, precipitate With' sulphuretted hydrogen (at 70° in the 
presence oF arsenic £0$), wash the precipitate, transfer it with the 
filter to a stoppered bottle, and treat with a nearly saturated solution 
of chloride of mercury in hydrochloric acid of ric sp. gr., digest, with 
the stopper firmly fixecl, at a gentle heat, till the precipitate has become 
white, dilute with a measured quantity of water (not allowing the pro- 
portion of hydrochloric acid to, fall below one-sixth), add the bichromate, 
then the iron solution, and proceed generally according to § 125, 3, b. 
Results good. Compare also ^aitz.* 

3. Bunsen’s method.f This method is based upon the following 
facts : — 

aa. If bichromate of potassa is boiled with concentrated hydro- 
chloric acid, 3 eq. chloHne are disengaged to every 2 eq. chromic acid 
(2C1O3 + 6HCI = Cr ? Cl, + 3CI + 6H0). 

bb. But if arsenious acid is present (not in excess) there is not the 
quantity of chlorine disengaged corresponding to the chromic acid, but 
so much less of that element as is required to convert the arsenious into 
arsenic acid (AsO, + 2CI + 2 IIO = AsO. + 2IICI). Consequently, for 
every 2 eq. chlorme'wanting is to be reckoned 1 eq. arsenious acid. 

cc. The quantity of chlorine is estimated by determining the quantity 
of iodine liberated by it from iodide of potassium. 

These are the principles of Bunsen’s method. For the manner of 
execution I refer to the Estimation of Chromic Acid. 


b. Method , which presupposes the presence of Arsenic Acid. 

This method * depends on the precipitation of the arsenic acid by 
uranium solution, and the recognition of the end of the reaction by 
means of ferrocyanide of potassium. It is therefore the same as was 
suggested, for phosphoric acid by Lecomte, and brought into use by 
Neubauer, J and afterwards by Pincus.§ 

Bodeker,|| who.fiijBt employed the process for arsenic acid, recom- 
mends the employmeb&of a solution of nitrate of sesquioxide of uranium, 
as this is more permanent than the hitherto used acetate, which is 
gradually decomposed by the action of light. 

The uranium solution has the correct degree of solution, if it con- 
tains about 20 grm, sesquioxide of uranium in x litre. It should con- 
tain as little free acid as possible. The determination of its value may 
)e effected with tne,-ai(f %£ pure arseniate of soda or by means, of 
arsenious acid,-— the latter is converted into arsenic acid by boiling 

With -- * *• 1 « rm .ii* • 1 J allrolirta 


. 1 fuming ^jit: 
w ffh ammon ‘ 
elution is now&* 
stlrr ed all thbwl 


Ivxjitcid. V -irpie Solution is rendered strongly alkaline 
nniiy acid with acetic acia. The uranium 
thb burette slowly, the liquid being well 
of ' the mixture spread out on a porcelain 

Ooinpare Waitz, Zeifcsohr. f. anal. Chem. 

Zeitschr. & '+ Annal. d. Chem. u. Pharm. 86, 29a 

» T t Atehiv fttr Wissenschaftliche HeilkunHe, 4, 228. 

S Journ. f. prakt. Chem. 76, 104. * 0 Annal. d. Chem. u. Pharm. H 7 V I 95 ^ 
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plate, gives with a drop of ferrocyanide of potassium placed in its 
centre, a distinct reddish-brown line where the two fluids meet. The 
height of the fluid in the burette ip*pQw’read off, the level of the 
mixture in the beaker is marked witlr a strip of gummed paper, and the 
beaker is emptied and washed, filled with water, with addition of about 
as much ammonia and acetic acid as was before, employed, and the 
uranium solution is cautiously dropped in, from the burette, till a drop 
taken out of the beaker and tested as above, giyes an equally distinct 
reaction. The quantity of uranium solution .^used in this last experi- 
ment is the excess, which must bo added to make the end-reaction, 
plain for the dilution adopted. This amount is subtracted from that 
used in the first experiment, and we then know the exact value of the 
uranium solution with reference to arsenic acid. 

In an actual analysis, the arsenic is first brought into the form of 
arsenic acid, a clear solution is obtained containing acetate of ammonia 
and some free acetic acid,* and the process is conducted exactly as in 
determining the value of the standard solution. The experiment to 
ascertain the correction must not be omitted here, otherwise errors aro 
sure to arise from the different degrees of dilution of the arsenic acid 
solutions used in the determination of the value of the standard solu- 
tion and in the actual analyses. The results of two determinations of 
arsenic given by Bodeker are satisfactory. To execute the method 
well requires practice. The results are not exact enough unless the 
conditions as regards amount and quality of alkali salts are nearly 
similar in the standardizing of the uranium solution and in its uso. 
Compare WAiTZ.t 

6 . Estimation of Arsenious Acid by Indirect Gravimetric Analysis. 

a. Rose’s method. Add to the hydrochloric acid solution, in tho 
preparation of which care must bo taken to exclude oxidizing substances, 
a solution of sodio- or ammonio-terchloride of gold in excess, and digest 
the mixture for several days, in the cold, or, in the case of dilute solu- 
tions, at a gentle warmth ; then weigh the separated gold as directed 
in § 123. Keep the filtrate to make quite sure that no more gold will 
separate. 2 eq. gold correspond to 3 eq. arsenious acid. 

b. Yohl’s^ method. Mix the solution with a weighed quantity of 
bichromate of potassa, and free sulphuric acid 1 ; estimate the chromic 
acid still present by the method given in § 130, 0, and deduce from the 
quantity of that acid consumed in the process, i.e., reduced by the orse- 
nious acid, the quantity of tho latter, after the formula 3 AsO, + 4W t 
as 3AsO f + 20r a 0 g . 

* Supplement to the Sixth Group • 

, , § 128. 

. . 8. Molybdic Acid. 

Molybdic acid is converted, for the purpose of Its estimation, either 
into binoxide of molybdenum, or into molybdate of lead, or into 1> 1SU 
phide of molybdenum. . ^ k ' , . 

a. Pure molybdic add (MoO,), and also molybdate df ammonia m ;> 

* Alkalies, alkaline earths and oxide of zinc may be present, 
as yield colored precipitates with ferrocyanide of potassium, as, for instance, \v 

+ TnitwiiTr-T Chem. io, l8». * Ann«l. d. Chem. u. Pterin. 94, 21 » 
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be reduced to binoxide by heating in a current of hydrogen gas. This 
may be done either in a porcelain boat, placed in a wide glass tube, or 
in a platinum or porcelain cr.ucib^tvith perforated cover (§ 108, fig. 79). 
The operation is continued till the weight remains constant. The tem- 
perature must not exceed a gentle redness, otherwise the binoxide itself 
might lose oxygen and become partially converted into metal. In the 
case of molybdate of ammonia the heat must be very low at first on 
account of the frothing. If you have a platinum tube it is safer to 
ignite the molybdic acid in this for 2 or 3 hours in a slow current of 
hydrogen, thus reducing it to the metallic state. When reducing to 
binoxide the contents of the crucible are frequently gray below, and 
brown above (Rammelsberg*). 

6. The following is the best method of precipitating molybdic acid 
from an alkaline solution'. Dilute the solution, if necessary, neutralize 
the free alkali with nitric acid, and allow the carbonic acid, which may 
bo liberated in the process, to escape, then add neutral nitrate of sub- 
oxide of mercury. The yellow precipitate formed appears at first bulky, 
but after several hours’ standing it shrinks ; it is insoluble in the lluid, 
which contains an excess of nitrate of suboxide of mercury. Collect on 
a filter, and wash with a dilute solution of nitrate of suboxide of mer- 
cury, as it is slightly soluble in pure water. Dry, remove the precipi- 
tate as completely as practicable from the filter, and determine the 
molybdenum in it as directed in a (H. Rose) ; or mix the precipitate, 
together with the filter-ash, with a weighed quantity of ignited oxide 
of lead, and ignite until all the mercury is expelled ; then add some 
nitrate of ammonia, ignite again and weigh. The excess obtained, 
over and above the weight of the oxide of lead used, is molybdic acid 
(SEMGSOHNf). 

c. Chatard+ recommends estimating molybdic acid in^ the solution 
of its alkali salts by adding acetate of lead in slight excess to the boil- 
ing solution and boiling for a few minutes. The precipitate which is 
at first milky becomes granular, deposits well and may be easily washed 
with hot water. It is dried, removed from the filter as much as possible, 
ignited and weighed as PbQ,MoO s . The method is only applicable for 
solutions of pure alkaline molybdates. 

d* The precipitation of molybdenum as sulphide is always a difficult 
operation. If the acid solution is supersaturated with sulphuretted 
nydrogen, warmed, and filtered, the filtrate' and washings are generally 
still colored. They must, accordingly, be warmed, and sulphuretted 
tydrogen again added, and the operation must afterwards, if necessary, 
o repeated until the washings appear almost colorless. The precipita- 
10n succeeds better when the sulphide of molybdenum is dissolved in 
v relat ively large excess of sulphide of ammonium, and, after the fluid 
as acquired a reddish-yellow tint, precipitated with hydrochloric, acid, 
naif advises then to boil, until the sulphuretted hydrogen is ex- 
.. eC} an d to wash with hot water, at first slightly acidified. To make 
T 1 e t s ore that all the molybdenum is precipitated, treat the filtrate and 
som g - S a 8 ain with sulphuretted, hydrogen and allow to stand for 
j lme * The brown sulphide of molybdenum is . collected on a 
filter, and the molybdenum determined in an aliquot part of 


+ t Aimal. 127, 281 ; Zeitschr. f. anal. Chem. 5, 203. 

Jo om. f. p ra kt. Chem. 67, 472. . t Sill. Amer. Journ. (3), 
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it, by gentle ignition in a current of hydrogen gas, as in a. The brown 
sulphide of molybdenum changes in this process to the gray bisulphide 
(H. Rose;. • & 

e, F. Pisani* gives thfl^pjlowing 'method, for estimating molybdic 
acid volumetricdly. Dig^siUhe molybdic acid with hydrocliloric acid 
And zinc, dissolving any precipitate which may form from want of acid 
and also the excess of zinc. Convert the solution of sesquioxide of 
molybdenum thus obtained into molybdic acid by standard permanganate 
of potash. The brown color of the solution turns first green, and then 
disappears. ItAMMELSBERot confirms the statements of Pisani. 

II. DETERMINATION OF ACIDS IN COMPOUNDS CONTAINING 
ONLY ONE ACID, FREE OR COMBINED AND SEPARATION OF 
ACIDS FROM BASES. 

FIRST GROUP. 

First Division . 

Arsenious Actd— Arsenic Acid— Chromic Acid— (Selenious Acid, 
Sulphurous and Hyposulphurous Acids, Iodic Acid). 

§ 129* 

1. Arsenious and Arsenic Acids. * 

These have been already treated, of among the bases (§ 127) on 
account of their behavior with sulphuretted hydrogen; they are 
merely mentioned here to indicate the place to which they properly 
belong. The methods of separating them from the bases will be found 
in Section V. , 


§ i3°- 

2. Chromic Acid. 

I. Determination. 

Chromic acid is determined either as sesquioxide of chromium , chro ■ 
7w.de of lead, or chromate of baryta. But it may be estimated also from t 0 
quantity of carbonic acid disengaged by its action upon oxalic acid in 
excess, and also by volumetric analysis. In employing the first metli°< : , 
it must be borne in mind that 1 eq. sesquioxide of chromium corresponds 
to 2. eq. chromic acid. 

a. Determination as Sesquioxide of Chromium . < , 

a. The chromic acid is reduced to the state of sesquioxide, and 1 
amount of the latter determined (§ 106). The reduction is enece^ 
either by heating the solution with hydrochloric acid and alcohol , 
by mfj&og hydrochloric acid with the solu|M)]L conducting s 
phuretted hydrogen into the mixture ; or ^add|uf a strong solu ■ , 
of sulphurous acid, and applying a gentle* S^'lWith concentu 
solutions the first method is generally i;esf)rfe4 lo,. with dilute soiui ^ 
one of the two latter. With respect ’to the first method, I * e 
remark that the alcohol must be expelled before the sesquioxi 

* Compfc. rend. 59, 301, 

f rogg. Annal* 127, 281 ; Zeit8ctu.,f. anal. Chcm. 5, 203. 
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chromium can be precipitated with ammonia ; and with respect to the 
second, that the solution .supersaturated with sulphuietted hydrogen 
must be allowed to stand in a* moderately warm place, until the 
separated sulphur has completely subsided. The results are accurate, 

I unless the weighed precipitate contains silica and lime, which is always 
the case if the precipitation is effected in glass vessels. 

0. The neutral or slightly acid (nitric acid) solution is precipitated 
with nitrate of suboxide of mercury, after long standing the red preci- 
pitate of chromate of suboxide of mercury is filtered off, washed with a 
dilute solution of nitrate of suboxide of mercury, dried, ignited, and 
the residuary sesquioxide of chromium weighed (H. Rose), Results 
accurate. 

b. Determination as Chromate of Lead. 

The solution is mixed with acetate of soda in excess, and acetic acid 
added until the reaction is strongly acid ; the solution is then precipi- 
tated with neutral acetate of lead. The washed precipitate is either 
collected on a weighed filter, dried in a water-bath, and weighed;, 
or it is gently ignited as directed § 53, and then weighed. For the- 
properties of the precipitate, see § 93, 2. Results accurate. 

c . Determination as Chromate of Baryta. 

Mix the solution of the alkaline chromate with acetic acid to- 
moderately acid reaction, add chloride of barium in slight excess, allow 
the fine precipitate twelve hours to subside, wash with acetate of am- 
monia as far as possible by decantation, displace the acetate of ammonia 
by solution of nitrate of ammonia (or the chromic acid may be partially 
reduced on igniting), dry, remove as much as possible from the filter, 
and ignite gently. Properties of the precipitate, § 93, 2, c (H. Rose, 
Pearson*). The test analyses given by Pearson are satisfactory. 

d. Determination by means of Oxalic Acid (after Yohl). 

When chromic acid and oxalic acid are brought together, the former 
yields oxygen to the latter : sesquioxide of chromium is formed, and 
carbonic acid escapes (2CrO s + 3C 2 0 8 = Cr 2 0 3 + 6CO a ). Three eq. car- 
bonic acid (66) correspond accordingly to one eq. chromic acid (50*24). 
The process is the Bame as in the analysis of manganese ores (§ 230). 

* P ar t of chromic acid requires 2 J parts of oxalate of soda. If it is in- 
ended to determine in the residue the alkali which was combined with, 
he chromic acid, oxalate of ammonia is used. 

Determination by Volumetric Analysis . 

«• Schwarz’s method. 

The principle of this very accurate method is identical with that- 
Jtyon which Penny’s method of determining iron is based (§112, 2, 6 ). 

0 execution is simple : acidify the not too dilute solution of the 
c 1 ornate with sulphuric acid, add in excess a measured quantity of 
so ution of protoxide of iron* the strength of which you have previously 
according to the directions of § 112, 2, a, or b, or the 
solution of a weighed quantity of sulphate of iron and ammonia, free 
, lom sesquioxide, and then determine in the manner, directed 
II2 > 2 > a > or b } the quantity of protoxide of iron remaining. The 

* Amer. Journ. of Science (2), 45, 298; Zeitsclir. f. anal. Chem. 9 108. 
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difference shows tlio amount of iron that has been converted by tho 
chromic acid from the state of protoxide to that of sesquioxide. i g raii 
of iron corresponds to 0*5981 of chromic acid. To determine the 
chromic acid in chromate of lead, the latter is, after addition of the 
sulphate of protoxide of iron and ammonia, most thoroughly triturated 
with hydrochloric acid, water added, and the analysis then proceeded 
with. 

0. Bunsen’s method.* 

If a chromate is boiled with an excess of fuming hydrochloric 
neid, there are disengaged for every 2 eq. chromic acid 3 eq. chlorine: 
for instance, K0,2Cr0 3 + 7 HC 1 = KC 1 + Cr 2 Cl 8 + 7HO + 3CI. If the 
.escaping gas is conducted into solution of iodide of potassium in excess, 
the 3 eq. chlorine set free 3 eq. iodine. By determining the quantity 
.of the latter element in the manner described in § 146, we find the 
quantity of the chromic acid; 380*55 of iodine corresponding to 100*48 
of chromic acid. 

The analytical process is conducted as follows : — Put the weighed 
sample of the chromate (say *3 to *4 grm.) into the little flask d, fig. 85 
. (blown before the lamp, and holding only from 36 to 40 c.c.), and fill 

the flask two-thirds with 
pure fuming hydrochloric 
acid (free from Cl and SO.), 
add a compact lump of mag- 
nesite, to keep up a con- 
stant current of gas and 
prevent the fluid from re- 
ceding. Connect the bulbed 
evolution tube a with the 
neck of the flask by means 
of a stout india-rubber tube 
c. As shown in the engrav- 
Fig. 85. ing, a is a bent pipette, 

drawn out, at the lower 
-end, into an upturned point. A loss of chlorine need not be appre- 
hended on adding the hydrochloric acid, as the disengagement of that 
ga^ begins only upon the application of heat. Insert the evolution 
tube into the neck of the retort, which is one-third filled with solu- 
tion of iodide of potassium. f This retort holds about 160 c.c. TI10 
neck presents two small expansions, blown before the lamp, and in- 
tended, the lower one, to receive the liquid which is forced up during 
the operation, the upper one, to serve as an additional guard against 
spirting. Apply heat now, cautiously, to the little flask. After t*o 
•or three minutes’ ebullition, the whole of the chlorine has passed over, 
and liberated its equivalent quantity of iodine in the iodide of potassium 
.solution. When thaebullition is at an end, take hold of the caoutchouc 
tube c with the J^Hfand, and, whilst steadily holding the lamp unuer 
the flask with tfljVht, lift a so far out of the retort that the curve 
point is in the Now remove first the lamp, then the flask, dipA 

retort in cold water to cool it, and shake the fluid in it about to 

•Annal. d. Cbem. u. Pharm. 86, 279. . r t9 of 

t I part of pure iodide of potassium, free from iodic acid, dissolved in 10 P ^lute 
water. The fluid must show no brown tint immediately after addition 01 
sulphuric acid. 




CIIIiOMIC ACID. 


293 


§ liJOj 

the complete solution of the separated iodine in the excess of iodide of 
potassium solution. When the fluid is quite cold, transfer it to a 
beaker rinsing the retort into the beaker, and proceed as directed 
* 146. The method gives very satisfactory results. The apparatus 
here recommended differs slightly from that used by Bunsen, the retort 
of the latter having only one bulb in the neck, and the evolution tube 
no bulb being closed instead, at the lower end, by a glass or caoutchouc 
valve which permits the exit of the gas from the tube, but opposes the 
entrance of the fluid into it. I think the modifications which I have 
made in Bunsen’s apparatus are calculated to facilitate the success of 
the operation. Instead of this apparatus that described § 1 42 may also 
be very conveniently used. 

y . There is a method by Rube* depending on the reaction : 2Cr0 8 
+ 6K 2 Cfy + 6 HC 1 = 3KCI + Cr a Cl 3 + 3K s Cf dy + 6IIO. Also one by Zul- 
kowskyI* which depends on the estimation of the iodine separated 
directly by chromic acid — i.e . without distillation ; the process is exactly 
similar to that given p. 227, 0. 

II. Separation of Chromic Acid from the Bases. 
a. Of the First Group. 

a. Reduce the chromic acid as directed in I., and separate the sesqui- 
oxide of chromium from the alkalies as directed in §155* 

0. Mix the chromate of potassa or soda with about 5 parts of dry 
pulverized chloride of ammonium, and heat the mixture cautiously. 
The residue contains the chlorides of the alkali metals and sesquioxide 
of chromium, which may be separated by means of water. 

y. Precipitate the chromic acid according to 1 ., a, 0, and separate 
the mercury and alkali in the filtrate by § 162. 


b . Of the Second Group. 

a. Fuse the compounds with 4 parts of carbonate of^ soda and 
potassa, and treat the fused mass with hot water, which dissolves the 
chromic acid in the form of an alkaline chromate. The residue con- 
tains the alkaline earths in the form of carbonates ; but as they contain 
alkali they cannot be weighed directly. The chromic acid in the 
solution is determined as in I. Chromates of strontia and lime may be 
decomposed by boiling with carbonate of potassa or soda. Chromate 
of baryta may afeWiibe decomposed in the same way, but the boiling 
must be re peats# a second time with fresh solution of alkaline car- 
bonate (H. Rq#»). . . 

0 * Dissolve in hydrochloric acid, reduce the chromic acid accor ing 
to I., a, and separate the sesquioxide of chromium from the alkaline 

earth according to § 156. , , .... 

y. Chromate if magnesia as well as other chromates of the alkaline 
earths soluble imwater may be easily decomposed also, by determining 
the chromic aS|* according to I., a, 0 , or I., b, and separating the 
magnesia, &c.,®- the filtrate from the excess of the salt of mercury or 
lead as directed^ 162. , , , 

l Chromates of baryta, strontia, and lime may also be decomposed 
the method described II., a, 0 . Compare Bahr, Analysis of bichro- 

* Jnnro. f. prakt. Chem. 95, 53 ■ Zeitrohr. f. anal. ^^^, 444 . 

+ Journ. f. prukt. Chc'rn. 103, 351 i Zciuchr. f. anal. Chem. b, 74. 
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mate of baryta, lime, <fec.* H. Rose recommends igniting the finely 
powdered substance with five parts of chloride of ammonium. Q ne 
ignition usually suffices to decompose the substance completely, but it 
is better to repeat the ignition with chloride of ammonium, to make 
sure that the weight remains constant .before separating the chloride of 
barium, Ac., from the residual oxide of chromium by water. 

c . Of the Third Group. 
a. From Alumina. 

If you have chromic acid to separate from alumina in acid solution, 
precipitate the alumina with ammonia or carbonate of ammonia (§ 105, 
a), and determine the chromic acid in the filtrate according to I. If 
the washed alumina has a yellow color, treat on the filter with ammonia, 
and wash with boiling water ; this will remove the last traces of 
chromic acid. However, a little alumina dissolves in the ammonia, 
therefore heat the ammoniacal fluid in a platinum dish till it has almost 
lost its alkaline reaction, and filter the flocks of alumina which separate 
to the principal precipitate. 

ft From Sesquioxide of Chromium, 

aa. Determine in one portion the quantity of the chromic acid 
according to I., d , or I., e , a, or ft and in another portion the total 
amount of the chromium, by converting it into sesquioxide by cautious 
ignition with chloride of ammonium, or by I., a, or by converting it 
entirely into chromic acid by § 106, 2. 

bb. In many cases the chromic acid may be precipitated according 
to I., a, ft or I., b. The sesquioxide of chromium and suboxide of 
mercury, or oxide of lead, in the filtrate, are separated as directed 
§ 162. . . 

cc. The hydrated compounds of sesquioxide of chromium with 
•chromic acid, such as are obtained by precipitating a solution of sesqui- 
oxide of chromium with a solution of chromate of potassa, Ac., may 
-also be analysed by ignition in a stream of dry air, in a bulb tube, to 
which a chloride of calcium tube is attached (fig. 44, § 36). The loss 
•of weight represents the joint amount of oxygen and water that have 
•escaped. If the increment of the CaCl tube is deducted, we shall hm® 
the oxygen. Now every 3 eq. oxygen correspond to 2 eq. of chromic 
acid. The amount of the latter being thus calculated, we have only to 
subtract its equivalent quantity of sesquioxide from the weight of 
reside after the ignition, and the remainder is the .quantity of sesqui- 
oxide originally present. YoGELt and also Storer and Elliot^ have 
employed this method. > ' 


Fourth Group. 

a. ProcflHs directed in b, a. Upon treating the fused mass witu 
hot water, Tne metals are left as oxides. In the case of mangane* 0 
the fusion must be effected in an atmosphere of carbonic acnl g ;li * 
Apparatus, fig. 79 in § 108. , 

ft Reduce the chromic acid as directed in L, a, and separate 
sesquioxide of chromium from the metals in question, as directe 
§ 160. 

•* Journ. f. prakt. Chem. 60, 60. + lb. 77. 4 ^ 4 * 

X proceeding* of the American Academy, 5, 19& 
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e. Of the Fifth and Stxth Groups. 
a Acidify the solution, and precipitate, either at once or after 
reduction of the chromic acid by sulphurous acid, with sulphuretted 
hydrogen. The metals of the fifth and sixth groups precipitate in 
conjunction with free sulphur (§§ 115 to 127), the chromic acid is 
reduced. Filter and determine the sesquioxide of chromium in the 

filtrate, as directed in I., o. . .. . , , , 

p m Chromate of lead may be conveniently decomposed by heating 
with hydrochloric acid and some alcohol; the chloride of lead and 
gesquichloride of chromium formed are subsequently separated by means 
of alcohol (compare § 162). The alcoholic solution ought always to be 
tested with sulphuric acid ; should a precipitate of sulphate of lead form, 
this must be filtered off, weighed, and taken into account (compare also 

§ i3<b d )' 


Supplement to the First Division . 

§ 1 3 1 - 

1. Selenious. Acid. 

From aqueous or hydrochloric acid solutions of selenious acid, the 
selenium is precipitated by sulphurous acid gas or, in presence of an 
excess of acid, by sulphite of soda, or sulphite of ammonia.- The pre- 
cipitated liquid is heated to boiling for \ hour, which changes the 
precipitate from its original red color to black, and makes it dense and 
heavy. The liquid is tested by a further addition of the reagent to 
see whether any more selenium will separate ; the precipitate is finally 
collected on a weighed filter, dried at a temperature somewhat below 
ioo°, and weighed. Since H. Rose* has shown that the presence ot 
hydrochloric acid is an essential condition to the complete reduction of 
the selenious acid, the former acid must bo added, if not already 
present. To make quite sure that all the selenium has beon removed, 
the filtrate is evaporated to a small volume, with addition of chloride ot 
potassium or chloride of sodium, boiled with strong hydrochloric acid, 
so as to reduce any selenlc acid to selenious acid, and tested once more 
with sulphurous acid. If the solution contains nitric acid it must be 
evaporated repeatedly with hydrochloric acid, with addition of chloride 
of sodium or chlcgjfe of potassium. If the latter were omitted tneie 
would be considelMp loss of selenious acid (RathkeI*). 

As regards thf^separation of selenious acid from the bases, the 
following brief dirwAions will suffice : — . 

a. If the bases are not liable to be altered by the action 0 su 

phurous acid and hydrochloric acid, the selenium may be at once 
precipitated in the way just given ; the filtrate, when evapoia e wi 1 
sulphuric acid, yields the base as sulphate. , 

b. From bases which are not thrown down from acid so u 10 j* F 

hydrosulphurie acid, the selenious acid may be separated y su p 
— i 1 c , J.. .... / r? iTirifKT. a mixturo 


» ZeitKhr. f. anal. Chem. I, , 73- - 

+ Jonra. f. prill t. Cliera. :oS, 249 ; Zei'echr. f. »n»l. Cliem. 9, 4»4- 
$ Juuru. f. piftkt. Cliem. 108, 2>)2. 
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the precipitate, the latter is oxidized while still moist with hydrochloric 
acid and chlorate of potassa, or by treatment with potassa solution 
with simultaneous heating and transmission of chlorine. It is neces- 
sary here to oxidize the sulphur completely, as it may enclose selenium. 
The solution now containing selenic ,acid is heated till it smells no 
longer of chlorine, hydrochloric acid is’ added, and the mixturo is re- 
heated. The selenic acid is hereby reduced to selenious acid, and when 
the solution, has again ceased to smell of chlorine, the selenium is pre- 
cipitated with sulphuric acid. Instead of this process you may digest 
the precipitate of sulphur and selenium for some hours with concen- 
trated cyanide of potassium, which will completely dissolve it, and then 
throw down the selenium from the dilute solution with hydrochloric acid 
as in c (Bathke, loc. cit.), 

c. In many selenites or selenates the selenium may also be deter- 
mined, by converting first into sclenocyanide of potassium, and pre- 
cipitating the aqueous solution of the latter with hydrochloric ;icid 
(Oppeniieim*). To this end the substance is mixed with 7 or 8 times 
its quantity of ordinary cyanide of potassium (containing cyanic acid), 
the mixture is put into a long-necked flask, or a porcelain crucible, 
covered with a layer of cyanide of potassium, and fused in a stream of 
hydrogen. The temperature is kept so low that the glass or porcelain 
is not attacked, and while cooling care must be taken to exclude atmo- 
spheric air. When cold, the brown mass is treated with water, and the 
colorless solution filtered, if necessary. The liquid should be somewhat 
but not immoderately diluted. Now boil some time (in order to convert 
the small quantity of selenide of potassium that may be present into 
selenocyanide of potassium by the excess of cyanide of potassium), 
allow to cool, supersaturate with hydrochloric acid, and heat again 
for some time. At the end of 12 or 24 hours all selenium will have 
separated, filter, dry at ioo°, and weigh. The results obtained by this- 
process are accurate (H. ItosEt). If the selenium agglomerates together 
on heating, it may enclose salts. In such cases, by way of control, 
it should be redissolved in nitric acid, and, after addition of hydro- 
chloric acid, precipitated with sulphurous acid. The fluid filtered from 
the selenium precipitate is, as a rule, free from selenium ; it is, however, 
always well to satisfy one’s self on this point by the addition of sulphu- 
rous acid. 

d. From many bases the selenious acid (and also the selenic acid) 
may be separated by fusing the compound with 2 parts of carbonate of 
soda and 1 part of nitrate of potassa, extracting the fused mass 
thoroughly by boiling with water, saturating the filtrate, if necessary, 
with carbonic acid, to free it from lead which it might contain, then 
boiling down with hydrochloric acid in excess (to redupe the selenic 
acid and driv e offjb he nitric acid), and precipitating finally with sulphu- 
rous acid. JHp 

Selenium, Impure, must volatilize without residue when heated in a 
tube. 

2. Sulphurous Acid. 

To estimate free sulphurous acid in a fluid which may contain also 
other acids (sulphuric acid, hydrochloric acid, acetic acid), a weight 
quantity of the fluid is diluted With water, absolutely free from air,+ 

* Journ. f. prakt. Chem. 71, 280 . + Zeitschr. f. anal. Chem. 1 , 73- 

+ Prepared by long-continued boiling and subsequent cooling with exclusion of air- 
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until the dilated liquid contains not more than *05 per cent, by weight 
of sulphurous acid ; the solution is poured with stirring into an excess 
of standard solution of iodine, the free iodine remaining is titrated with 
hyposulphite, and the iodine used for the oxidation of the sulphurous 
acid is thus found. The equation is 1 + 2 H 0 + S 0 3 = H 1 + H 0 ,S 0 8 . 
According to Finkener, if the' iodine is added to the sulphurous acid 
the reaction is not quite normal. Anyhow this method of operating 
prevents any loss of sulphurous acid. For the details, see § 146. In the 
case of sulphites soluble in water or acids, water perfectly free from air 
is poured over the substance, in sufficient quantity to attain the degree 
of dilution stated above, sulphuric or hydrochloric acid is added in 
excess, and then the titration is effected as above. The greatest care 
must be taken in this method, to use, for the purpose of dilution, water 
absolutely free from air. 

Sulphurous acid may also be determined in the gravimetric way, 
by conversion into sulphuric acid, and precipitation of the latter with 
baryta, according to § 132. This method is especially applicable in the 
case of sulphites quite free from sulphuric acid. The conversion of the 
sulphurous into sulphuric acid is effected in the wet way, best by pour- 
ing the dilute solution with stirring into excess of chlorine or bromine 
water. Sulphites insoluble in water are decomposed by boiling with 
carbonate of soda and the solution of sulphite of soda is treated as 
directed. After driving off the excess of chlorine or bromine by heat- 
ing, the moderately acid solution is precipitated with chloride of barium. 
Sulphites may be oxidized in the dry way by heating in a platinum 
crucible, with 4 parts of a mixture of equal parts carbonate of soda 
and nitrate of potassa. 

3. HyrosuLriiuRous Acid. 

Hyposulphurbus acid, in form of soluble hyposulphites, may be 
determined by means of iodine, in a similar way to sulphurous acid. 
The reaction is represented by the equation, 2(Na0,S 2 0 2 ) + 1 = NaO, 
S 4 0 5 + Nal. The salt under examination is dissolved in a large amount 
of water, starch-paste added, and then the neutral solution is titrated 
with iodine. That this method can give correct results only in cases 
where no other substances acting upon iodine are present, need hardly 
he mentioned. Hyposulphurous may like sulphurous acid be converted 
mto sulphuric acid by means of chlorine or bromine water, and then 
determined. 

4. Iodic Acid. 

Iodic acid may be determined by the following easy method : — distil 
the acid, in the free state or in combination with a base, with an excess 
of pure fuming hydrochloric acid, in the apparatus described in §130, e, p 
(chromic acid), receive the disengaged chlorine in solution of iodide of 
potassium, and determine the separated iodine as directed in § 130, e, p. 

* eq. iodic acid sets free 4 eq. chlorine, and consequently 4 eq. iodine, 
you have to reckon 166*85 of iodic acid for 507*4 of iodine. The decom- 
position of iodic acid by hydrochloric acid is represented by the equation 
. * + 5HC1 = IC 1 + 5HO + 4GI (Bunsen*). The following method also 
yields good results. Mix the solution with dilute sulphuric acid, add 
l °dide of potassium in excess, and determine the amount of liberated 


Annal. d. Chera. u. Pharm. 8b, 285. 
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iodine, after § 146. One-sixth of the iodine thus found is derived from 
the iodic acid (10, + 5HI = 5HO + 1,). See Rammelsberg * 

5. Nitrous Acid. 

The nitrous acid in nitrites which are, free from nitrates may ho 
estimated by converting the nitrogen into ammonia and determining 
the latter, or by determining the oxidizing action on protosalt of iron. 
This method is conducted exactly as described under nitric acid (§149). 
When nitric acid is also present, nitrous acid may be determined very 
satisfactorily with a solution of pure permanganate of potassa, provided 
the fluid be sufficiently diluted to prevent the nitrous acid, which is 
liberated by the addition of a stronger acid, being decomposed by water 
with formation of nitric acid and nitric oxide. For 1 part of anhydrous 
nitrous acid, at least 5000 parts of water should, be present. The 
decomposition is represented by the following equation : — 5NO3 + cMn ; 
O - <jN 0 5 + 4MnO. If the permanganate be standardized with iron 
dissolved to protoxide, 4 eq. iron correspond to 1 eq. N0 S , since both of 
these require 2 eq. oxygen. Nitrites are dissolved in very slvjhthj 
acidulated water, the permanganate is added till the oxidation of the 
nitrous acid is nearly completed, the solution is then made strongly 
acid, and finally permanganate is added to light-red coloration. 

To determine hyponitric acid in red fuming nitric acid, transfer a 
few c.c. to about 500 c.c. cold pure distilled water with stirring, ami 
determine the nitrous acid produced. 1 eq. nitrous acid found cor- 
responds to 2 eq. hyponitric acid, for the latter — when, mixed with such 
a large quantity of water as is indicated above is decomposed ui 
accordance with the following equation: — 2N0 4 + 2HO* H0,ls0 5 + 

HO, NO, (Sig. Feldiiaus+). # Mr 

Nitrous and hyponitric acid in presence of nitrmjj&t may also bo 
estimated by the reduction of chromic acid. An 
bichromate of potash is added, and the undeeoj 
chromic acid is estimated with standard solution 
(F. Mohr^:). # # , . 1 

As regards the estimation of nitrous acid wijBr binoxide or leac , 
comp. Feldhaus, loc. cit. p. 431, also Lang§ ^d Jy ‘ RbWENTiiAL.|| 
Regarding the estimation of nitrous acid in water, see §$&5• 

^ , 

Second Division of the First Group of the A-tvls* 

Sulphuric Acid ; (Hydrofluosilicic Acid). 

§132* 

Sulphuric Acid. 

;I^Ph!RMINATION. 

* guipliuric acid is usually determined in the gravimetric way & 
mlphate -p/ baryta. The acid may, however, be estimated also J 
the acidiinetric. method (§205), and byy^rtain volumetric metr»^ 
based upon thO insolubility of the sulphdt (and the sulphi 

of M 

< pf * Pogg. Annal, 135, 493 ; Zeitschr. f. anal. Cliem. 8, 456. 

':M t Zeitschr. f, anal. Chem. i f 426. 

x His Lehrbuch der TitrirmetUode, 3 Aafl. 236. 

§ Zeitschr. f. anal. Uhem. I, 485. II 3, 17k 
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1. Gravimetric Method. 

The exact estimation of sulphuric acid as sulphate of baryta is by 
no means so simple and easy as it was formerly supposed to be, but 
requires, on the contrarv^great care and attention. This arises from 
three causes : first, thenhilpjiate of baryta is found to be far ( more 
soluble than was imagined in solutions of free acids and of many salts ; 
secondly, it is extremely liable to carry down with it foreign salts, 
which are of themselves soluble in water ; thirdly, when the precipitate 
has once separated in an impure state, it is often very difficult to purify 
it completely. 

The solution should contain but little free hydrochloric acid, and 
no nitric or chloric acid. If either of the two last are present, evaporate 
repeatedly, on the water-bath with pure hydrochloric acid. Dilute 
considerably, heat nearly to boiling, add chloride of barium in 
moderate excess, and allow to settle for a long time at a gentlo heat. 
Decant the clear fluid through a filter, treat the precipitate with 
boiling water, allow to settle, decant again, and so on, till the washings 
are free from chlorine. Finally transfer the precipitate to the filter, 
dry and treat according to § 53, using only a moderate red heat. 

After the precipitate has been weighed it is well to warm it for some 
time with dilute hydrochloric acid on the water-bath. Then pour off 
the hydrochloric acid through a small filter, wash the precipitate by 
decantation with boiling water without removing it to a filter, 
evaporate the filtrate and washings nearly to dryness in a platinum or 
porcelain dish, add water, collect the minute amount of sulphate of 
baryta here left undissolved upon the small filter, wash, dry, incinerate, 
add the ash to the bulk of the precipitate, ignite again, and weigh. If 
the precipitate has lost weight, this shows that it at first contained 
foreign salts. * 

This method of purification sometimes fails when the precipitate 
contains oxide of iron or platinum (Claus*), and it invariably fails 
when the solutfbn contains any notable quantity of nitric acid.t In 
such cases there is only one resource, namely, to fuse with about four 
parts of carboiw$e of soda, warm with water, filter, wash with boiling 
water, acidify t&b$trate slightly with hydrochloric acid, and determine 
the sulphuric acicl again. 

The results are thoroughly satisfactory if these directions are 
attended to j if not, the result may be two or three per-cents too high 
or too low. 

2. Volumetric methods. 

a. After Carl Mohr.J We require a normal solution of chloride 
of barium, containing 121*96 grin, of the pure crystallized salt in 1 
litre, and also normal nitric or hydrochloric acid and normal soda 
{§215). Add to the fluid to be examined for sulphuric acid — which, 
should it contain much free acid, iy previously to be jicarly neutralized 
with pure carbonate of gpda*— a measured quantity of chloride of barium 
solution, best a roun^^pumber -bf cubic centimetres, in more than 
sufficient proporiiomtq^ the sulphuric acid, but not in too 

great excess. Digest thh mixture for some time in a warm place, then 

* Jahresber. von Kopp und Will. 1861, 323, note. 

+ Compare my paper in Zeitschr. f. anal. Chem. 9, 52. 

J Ann. der Chem. u. Pharm. 90, 165. 
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precipitate without previous filtration, the excess of chloride of barium 
with carbonate of ammonia and a little ammonia, filter off the sulphate 
and carbonate of baryta, wash until the water running off acts no 
longer upon red litmus paper, and then determine the carbonate of 
baryta by the alkalime trie method given -in § 22 3. Deduct the c.c. of 
normal acid used from the c.c. of chloride of barium and the remainder 
will be the c.c. of chloride of barium corresponding to the sulphuric 
acid present. The results of this method are quite satisfactory, if the 
solution does not contain too much free acid ; but in presence of a 
large excess of free acid, the action of the salt of ammonia will retain 
carbonate of baryta in solution, which, of course, will make the 
amount of sulphuric acid appear higher than is really the case. It 
need hardly be mentioned that this method is altogether inapplicable 
in presence of phosphoric acid, oxalic acid, or any other acid preci- 
pitating baryta salt from neutral solutions, and that no other bases but 
alkalies may be present. 

b. After A. Clemm.* Clemm has modified C. Moim’s process as 
follows with the view of making it more rapid in execution and more 
convenient for use in manufactories. In this also the absence is neces- 
sary of all other acids which form insoluble salts with baryta and of 
all bases except alkalies. We require besides the standard solutions 
mentioned in a, a normal solution of pure carbonate of soda, containing 
53*04 grm. of the anhydrous salt in 1 litre. Put the solution of 
sulphuric acid into a measuring flask, add tincture of litmus, and if 
necessary neutralize exactly with soda free from carbonic acid or with 
hydrochloric acid, add a measured quantity of chloride of barium in 
excess, then a volume of carbonate of soda equal to that of the chloride 
of barium, fill to the mark, shake, filter and determine in an aliquot 
part of the filtrate (about a half) the carbonate of soda according to 
§ 220. The acid used to neutralize the carbonate of soda left in the 
solution is equivalent to the sulphuric acid present. KO,SO s + 2BaCl 
= BaO,SO a + KC 1 + BaCl and BaO,SO s + KC 1 + Ba€l + 2NaO,CO„ - 
BaO,SO s + KC 1 + BaO,CO s + NaCl + NaO,CO a . In dilute solutions the 
small excess of carbonate of soda has no action on the sulphate of 
baryta, so that no error can arise on this score. The results are 
sufficiently accurate for technical purposes. 

c. After E. BonLiG.f This method is intended for technical 
purposes. It depends on the fact that when an alkaline sulphate is 
heated at a temperature near ioo° with precipitated carbonate of baryta 
in the presence of excess of carbonic acid complete decomposition takes 
place with formation of sulphate of baryta and alkaline bicarbonate. 
The amount of alkali combined with carbonic acid is determined 
alkalimeti^caliy, it corresponds to the quantity of sulphuric acid. 
Regarding the details see the original paper. 

d. After 1 $. Wildenstein (First process^). The principle of tho 
method consist in precipitating the sulphuric acid with chloride of 
barium, and estimating the excess of the latter by means of neutral 
chromate of potassa ; the chromate being added directly if the solution 
is neutral ; if, on\ the contrary # it is acid, after addition of ammonia 
free from carbonic acid in slight excess. Two solutions are employed- - 

1. A solution qf chloride of barium, 1 c.c. of which corresponds 

* Zcitschr. f. anaLChem. 9, 122. + lb. 9, 310. £ lb- 1, 3 2 3 ’ 
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to *02 sulphuric acid. Prepared by dissolving 60*98 grm. of the pure 
crystallized salt to 1 litre. 

2. A solution of pure neutral chromate of potassa, 2 c.c. of which 
precipitate 1 c.c. of the chloride of barium solution. Prepared by 
dissolving 18*451 grm. of bichromate of potassa, adding ammonia till the 
reddish-yellow color has turned to pale yellow, and diluting to 1 litre. 

The first thing is to test whether the two solutions stand in the 
proper relation to one another. To this end take 10 c.c. of the chloride 
of barium solution, dilute with about 50 c.c. water, heat to boiling, and 
add 20*4 c.c. of the chromate of potassa solution. The precipitate soon 
settles, and the supernatant fluid must be yellowish. Add now chloride 
of barium drop by drop from the burette — *2 c.c. should be required. 

For the actual analysis, dissolve the substance in about 50 c.c. 
water in a flask of, say 200 c.c., heat to boiling, and run in chloride 
of barium, till the whole of the sulphuric acid is certainly precipitated, 
but avoiding a large excess of the precipitant. Boil now for half to 
one minute, and if acid, neutralize with ammonia free from carbonic 
acid, and add, no matter whether the fluid is turbid or not, chromate of 
potassa in quantities of *5 c.c. at a time. The fluid now rapidly 
becomes clear on gentle agitation, so that one can easily recognise, by 
the first appearance of the yellow coloration, when the chromic acid 
ceases to be precipitated. As soon as this point is reached; add chloride 
of barium slowly, drop by drop, till the fluid is again completely 
decolorized ; for this purpose generally only a few drops, at the most 
only *4 c.c., are required. Finally divide the c.c. of chromate used 
by 2, deduct them from the whole of the chloride of barium used, and 
reckon the sulphuric acid from the remainder. Results good. 

In applying the method to sulphate of magnesia, zinc or cadmium, 
dissolve in amt]Q||||i%with addition of chloride of ammonium, heat with 
a little chloride Or calcium in order to throw down any carbonic acid 
in the ammonia, and then titrate (Fleischer*). 

e. After R. Wildenstein (Second processf). Of all the methods 
for the volumetric estimation of sulphuric acid, the simplest and that 
which is capable of the most general application, is to drop into the 
solution containing excess of hydrochloric acid, standard chloride of 
barium solution, till the exact point is reached when 
no more precipitation takes place. This point is diffi- 
cult to hit, and hence the method has only found a 
Ver y limited use. 

Wildenstein has given this method a prac- 
tical form, which renders it possible to complete an 
analysis in about half an hour, and at the same time 
to obtain satisfactory results. He employs the appa- 
ratus, fig. 86. A is a bottle of white glass, whose 
bottom has been removed, it contains 900 — 950 c.c. 

■" bs a strong funnel-tube, with bell-shaped funnel, 
and bent as shown, provided below with a piece of 
india-rubber tube, a screw compression-cock, and a 
small piece of tubing not drawn out. The length 

. * Journ. f. prakt. Chem. N. F. 5, 318. Here also a modification of the process 
■w suggested by which excess of chromate of ammonia may bo detected in colored 
U1( ls, but this makes it rather complicated. 

+ Zeitschr. f. anal. Chem. I, 432. 
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from c to d is about 7|-8 > from d to e about 12 cm. The opening of 
the funnel-tube /, wfeich should have a diameter of 2*5 to 3 cm., is 
co.tjpred as follows : — Take a piece * of fine new calico or muslin, free 
frS^fc sulphuric acid, and about 6 cm. square, lay on it two pieces of 
Sw&Esh papilr of the' same size, and then another piece of stuff like 
the first, now bind these altogether over the opening/, carefully and 
without injuring the paper, by means of a strong linen thread which 
has been drawn a few times over wax, and cut it off even all round. 
We have now a small syphon -filter, which enables us to filter off a 
portion of fluid contained in A , and turbid from sulphate of baryta, 
clear and with comparative rapidity. 

On gradually adding chloride of barium to the dilute acid solution 
of a sulphate a point occurs which may be compared to the neutral 
point in precipitating silver with chloride of sodium (see p. 236) ; 
there is a certain moment, when a portion filtered oft* will give a tur- 
bidity both with sulphuric acid and chloride of barium after the lapse 
of a few minutes. On this account we must either proceed on the 
principle recommended for the estimation of silver, i.e,, disregarding 
the quantity of chloride of barium in the solution, to standardize it by 
adding it to a known amount of sulphate, till a precipitate ceases to be 
formed ; or else we must — and Wildenstein recommends this latter 
course — consider as the end-point of the reaction the point at which 
chloride of barium ceases to produce a distinctly visible precipitation in 
the clear filtrate after a lapse of two minutes. 

The chloride of barium solution is prepared as in b, so that 1 c.c. 
corresponds to *02 sulphuric acid. The process is as follows : — 

First prepare the solution of the sulphate to be analysed (using 
about 3 or 4 grm.) then fill A with hot water, open the cock with the 
screw or by the aid of a glass rod, and wait till the syphon B is quite 
full of water. If the water runs down the tube c e without filling it 
entirely, close and open the cock a few times, and this inconvenience 
will be removed. (It is not allowable to suck at 0, or to fill the syphon 
with the wash-bottle at e, as either proceeding would inevitably lead 
to injuring the filter.) Now close the cock and pour out the hot 
water, replace it by 400 c.c. of boiling water, add the ready-prepared 
solution of the sulphate, and a small quantity o£ hydrochloric acid, if 
necessary, and run in the chloride of barium solution, at first in rather 
large portions, at last in £ c.c. Before each fresh addition of chloride 
of barium open the cock and allow rather more liquid to flow into a 
beaker than corresponds to the contents of the syphon. This quantity 
should be previously ascertained, and a mark indicating it made on the 
beaker. Now close the cock and pour the filtrate without loss back 
into A. (M|e beaker is used over and over again for the same par- 
pose it neM^B be rinsed out.) Now run some jdfcthe fluid into a test- 
tub^ so aBKne-third fill it, add to the clear funa 2 drops of chloride 
of barium from the burette and , shako. If a precipitate or turbidity is 
produced return the portion to the main quantify. The experimii# is 
finished when the last portion' tested shows after the lapse of ( Sfetly 
two minutes no distinctly visible turbidity.;, 1 The drops of chloride of 
barium used- for the lost testing are of course not reckoned. The slight 
error Mgrtlved from the fact that the small quantity of fluid in the 
syphd^it finally unacted on, is too small to be noticed. During the 
experiment the filter must not be injured by the stirring. In case the 
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end reaction has been overstepped, add i c.c. of dilute sulphuric acid 
(equivalent to the chloride of barium) to A, an^* Endeavour to hit it. 
a^ain. Here i c.c. will have to be subtracted from the c.c. of chloride 
of barium used. ■ # * >>:V- ' 

The results obtained by Wildenstein are of sufficient #fecuracy ' ?6r 
technical purposes. Some experiments made in my own laboratory 
were also quite satisfactory. 

/. The methods of Levol,* PAPPENHEiM,f and Schwarz, + depend 
upon the precipitation of the sulphuric acid with standard solution of 
lead. Their use is limited, as they require the absence of chlorides, 
hydrochloric acid, and neutral ammonia salts. 

II. Separation of Sulphuric Acid from tiie Bases. 

a. From those Bases with which the Acid forms Compounds 

soluble in Water or in Hydrochloric Acid. 

The solution should be free from nitric acid. Precipitate the sul- 
phuric acid according to I. by chloride of barium (or acetate of baryta). 
The filtrate contains the excess of chloride of barium, together with the 
chlorides of the bases present ; determine the bases- by the methods 
given in the fifth section for their separation from baryta. The fluid 
obtained by treating the ignited sulphate of baryta with hydrochloric 
acid, evaporating and filtering from the small amount of sulphate of 
baryta, must be added to the solution containing the bases. If after 
treating the sulphate of baryta with hydrochloric acid it still contains 
foreign bases, dissolve it in sulphuric acid with heat, pour the solution 
into cold water, and collect the precipitate on a filter; the remainder 
of the foreign base will then be found in the filtrate. 

b. From those Bases with which the Acid forms Compounds 

insoluble or difficultly soluble in Water or in Hydro- 
chloric Acid. 

a From baryta , strontia , and lime : Fuse the finely pulverized sub- 
stance, in a platinum crucible, with 5 parts of mixed carbonates of soda 
fmd potassa. Put the crucible, with its contents, into a beaker, or 
into a platinqm or porcelain dish, pour water over it, and apply heat 
until the alkaline sulphates and carbonates are completely dissolved ; 
filter the hd(li solution jgtog^the residuary carbonates of the earths, wash 
the latter thoroughljJHBteater, to which a little ammonia and car- 
bonate of, ammonia hfHHBdded, and determine according to §§ 10 1 
toio 3 .Cjf the precipitates have been well washed, it is perfectly ad- 
missible to ignite and weigh at once. Precipitate the sulphuric acid 
from the filtrate, as in I. Finely pulverized sulphate of lime and. sul- 
phate of sirontia may ^completely decomposed also by boiling with a 
solution of carbonate ^potassa ;§ the same process will answer also* 
for sulphate of, baryta ; *but the operation is far more difficult, vand com- 
plete decomposition is effected only by boiling the precipitate, after 
decantj»*the fluid, repeatedly with an excess of solution of carbonated 
ulkali (H. Rose||). 

* Bulletin- de la SociM d’Encoir' Avttt 1853 ; Journ. f. prakt. Chem. 60, 384. 
t Mohr’s Lehrb. der Titrirmethode, 3 Aufl. 41 1. 

$ Zeitschr. f. anal. Chem. 2, 352. 

§ Carbonate of soda does not answer os well. 

II Journ, f. prakt. Chem. 64, 382, and 65, 316. 
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£. From oxide of lead : The simplest way of effecting the dcconiposi 
tion of sulphate of lead consists in digesting it, at the common tem- 
perature, with a solution of bicarbonate of soda or potassa, filtering 
washing the precipitate, determining, the sulphuric acid in the filtrate 
as in I., dissolving the precipitate, which contains alkali, in nitric or 
acetic acid , and determining the lead in the solution, by one of the 
methods given in § 162. 

Presence of strontia and lime necessitates no alteration in this 
method ; but if baryta also is. present, and it is accordingly necessary 
to ignite* the mixture with carbonated alkalies (or to boil repeatedly 
with fresh portions of solution of the same), a small portion of lead 
always remains in solution in the alkaline fluid ; this must be preci- 
pitated by passing carbonic acid before filtering. 

y. From suboxide of mercury : Sulphate of suboxide of mercury ig 
best dissolved by warming with dilute hydrochloric acid with addition 
of chlorate of potassa or bromine, and the solution is treated according 
to a . If the salt is boiled with solution of carbonate of potash, the 
carbonate of suboxide of mercury first formed is decomposed, and the 
residue contains metallic mercury and oxide of mercury ; a small part 
of the latter passes into the filtrate. 

III. Estimation of free Sulpiiuric Acid in presence op Sul- 
phates. 

We have occasionally to estimate the free acid in presence of sul- 
phates, as, for instance, in vinegar, wine, &c. This may bo frequently 
done by indirect methods, the amount of the bases deing deter- 
mined on the one hand, and on the other the amount of the acids ; 
sometimes also by determining the total quantity of sulphuric acid 
and the quantity of free acid, the latter by the acidimetric method. 
According to A. GiRARDt the following is the only direct method which 
can be relied on. Evaporate on the water-bath to dryness and exhaust 
the residue with absolute alcohol ; determine the combined acid in the 
residue, and the free acid in the alcoholic extract, after mixing with 
water and evaporating off the alcohol. It has been said that the object 
may be attained by the use of carbonate of baryta, which is supposed 
to throw down the free acid only, but this is erroneous since alkaline 
sulphates in .aqueous solution are partially decomposed at the ordinary 
temperature by carbonate of baryta. 

% 

Supplement to the Second Division • 

§ J 33- ^ 

Hydrofluosilicio Acid. 

If you have hydrofluosilicio acid in solution, add solution of chlo- 
ride of potassiurii, then a volume of strong alcohol equal to the fluid 
present, collect the precipitated silicofluoride of potassium on a weighed 
filter, and wash With ^ mixture of equal volumes of spirit of wine and 
water. Dry the washed precipitate, at ioo°, and weigh. Mix the 
alcoholio filtrate with hydrochloric acid, evaporate to dryness, and treat 
tho residue with hydrochloric acid and water. If this leaves an undis- 

* This is best done in a porcelain crucible, 
t Compt. rend. 58, 515 ; Zeitschr. f. anal. Chem, 4, 219. 
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solved residue of silicic acid, this is a sign that the examined acid 
contained an excess of silicic acid ; the weight of the residue shows 
the amount of excess. Silicofluoride of potassium dried at ioo° has the 
formula KF,SiF 2 ; for its properties, see § 68. Instead of weighing 
it, it may be estimated volumetrically according to § 97, 5. > The 
analysis of metallic silicofluorides is best effected by heating in pla- 
tinum vessels, with concentrated sulphuric acid ; fluoride of silicon and 
hydrofluoric acid volatilize, the bases are left behind in the form of 
sulphates, and may, in many cases, after volatilization of the excess of 
sulphuric acid, be weighed as such. If the metallic silicofluorides to 
be analysed contain water, the latter cannot be estimated by mere 
ignition, since fluoride of silicon would .escape with tho water. II. Rosie 
recommends the following method : Mix them most intimately with 
6 parts of recently ignited oxide of lead, cover the mixture, in a 
small retort, with a layer of pure oxide of lead, weigh the retort, heat 
cautiously until the contents begin to fuse togethor, remove the 
aqueous vapor still remaining in the vessel by suction, and weigh the 
retort again when cold. The diminution of weight shows the quantity 
of water expelled. Do not neglect testing the drops of the escaping 
water with litmus paper ; tho result is accurate only if they have no. 
acid reaction. 

F. Stolba* proposes the following process, at least for compounds, 
soluble in water. Put into a crucible .double as much magnesia as is 
necessary to decompose the silicofluoride to be analysed, ignite it as 
strongly as possible, allow to cool, and weigh. Add water to form a 
thick paste, and then the weighed silicofluoride; if the amount of 
water present is not enough to dissolve the compound, add some more, 
mix with a platinum wire which must afterwards be wiped off clean, 
dry, ignite, and weigh. The increase in weight shows the amount of 
anhydrous silicofluoride, provided no oxide is present which takes up 
oxygen. 

Third Division of the First Group of the Acids . 

Phosphoric Acid— Boracic Acid— Oxalic Ach>— 
Hydrofluoric Acid. 

§ i34- 

1. Phosphoric Acid. 

I. Determination. 

Tribasic phqsphoric acid may be determined in a great variety of 
^ a ys. The forms in which this determination may be effected have 
been given already in § 93, 4. The most appropriate forms for tho 
purpose, however, are pyrophosphate of magnesia and phosphate of sesqui- 
oxule of uranium, because they are in themselves well worthy of recom- 
mendation and can be employed in almost all cases. The determination 

Py ro phosphate of magnesia is frequently preceded by precipitation 
111 an other way, especially as phosphe-molybdate of ammonia, occa- 
■JfHy m phosphate of binoxide of tin or of suboxide of mercury. The 
ot her forms in which phosphoric acid may be determined give also, in 

1 + Zeitschr. f. anal. Chem. 7, 93. 

VOL. I. 



006 


DETERMINATION. 


[§ 131 . 

part, very good results, but admit only of a mote limited application. 

. With respect to volumetric methods, those which depend upon the use 
of standard solution of uranium aise the best. ^ 

With regard to meta- and pyrophosphoric acid, I have simply to 
remark here that tfyese acids cannot be determined by any of the methods 
given belowt The 1 best way to effect their* detemination is to convert 
them into ttibasiV phosphoric acid; as follows: — 

a. In file dry way. By protracted fusion with from ‘4 to 6 parts of 
mixed, carbonates of soda and potnssa. This method is, however, ap- 
plicable only in the case of meta- and pyrophosphates of the alkalies, 
and of' those meta- or pyrophosphates of metallic oxides which me 
completely decomposed by fusion. with alkaline carbonates ; it tails, 
accordingly, for instance, with the salts of alkaline earths, magnesia 
excepted. 

/3. Iti the wet way. The salt is heated for some time with a strong 
acid, best with concentrated sulphuric acid (Weber*). This method 
leads only to the attainment of approximate results, in tho case of all 
salts whose bases form soluble compounds with the acid added, since 
in these cases the meta- or pyrophosphoric acid is never completely 
liberated; bub the desired result may be fully attained by tlio use of 
any acid which forms insoluble compounds with the bases present. 
Respecting the partial conversion in the former case, I have found 
that it approaches the nearer to completeness the greater the quantity 
of free acid added, t and that the ebullition must be long continued 
.■(comp, Expt. No. 3$). y ... 

I&NCls's statement, £ that phosphoric acid volatilizes when a phos- 
phate is evaporated to dryness with hydrochloric or nitric acid and the 
residue heated a little, is quite erroneous (compare my paper on the 
- subject, in Annal. der Chem. und Pharm, 86, 216). But, on the other 
hand, it must be borne in mind that tribasic phosphoric - acid under 
these circtiinstances changes, not indeed at ioo°, but at a temperature 
still below 150 0 , to pyrophosphoric acid; thus, for instance, upon 
evaporating common phosphate of soda with hydrochloric acid in ex- 
• cess, and drying the residue at 150°, we obtain NaUl + NaO,HO,P 0 4 . 


a. Determination as Phosphate of lead*, . 

Proceed as with arsenic acid, § 1 St 7, 1,0 — -i.e. } evaporate with ft 
weighed quantity of oxide of lead, and ignite. This method presupposes 
that no 0$$? acid is present in the aqueous or nitric acid solution ; 1 
has thisgreat advantage that it gives correct results, no matter whether 
the pho^horic acid present is mono-, bi-, or tribasic. 


%. Determination as Pyrophosphate of Magnesia^ * . 

a.ilD^ect Determination. Suitable in all coses in which it is quite 
•certain the acid is present, in the tribasic state, either free or com- 
bined TOfjlifcy alkali. , 

Th^^MEibn should .be neutral or only moderately ammomao • 


Th^^Mpfen should. be neutral or. only moderately ammonia^* 
Add cMBRe c of : 'ammoiuvm, and then a^'W^inagnesiainixUne (j? «> 
6), or, 'still ’befitwV V mixture of cllibiide>' ol magnesium, chloride 

* Pofgg. Aflhil. 73, 137. . iijig 

Thae are, however, other considerations which forbid going too far 1“ 
respect. 1 

£ Sillira. Joum. May, 1S51, 405. 
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ammonium and ammonia,* * * § in sufficient but not too excessive quantity. 
io c.c. of the magnesia mixture will precipitate *24 grm. P 0 4 .‘ The 
precipitate being under these conditions somewhat slowly forced, 
appears distinctly crystalline. After some time add apimonia gradually 
to the amount of one-third <?f the fluid. Allow to stand 12 hours in a 
well-covered vessel in the cold, filter, test the filtrate with magnesia 
mixture and ammonia, and wash the .precipitate with ammonia diluted 
with 3 volumes of water till the washings,- when acidified with nitric 
acid and tested with nitrate of silver, are no longer rendered turbid ; 
proceed according to § T04, p. The precipitate is not absolutely 
insoluble in ammoniated water, therefore it is well to wash by suction, 
as this reduces the necessary amount of wash water to a minimum. 
The results are accurate (Expt. No. 80, also KissEL)it If there is 
reason to suspect the purity of the precipitate, dissolve it in hydro- 
chloric acid,' and throw down again with ammonia, adding some 
magnesia mixture. * If the magnesia mixture is omitted, the solution 
being free from magnesia, will dissolve some of the precipitate. Com- 
pare Kissel, loc. cit. ' Properties of the precipitate and residue § 74. 
If the solution contains pyrophosphorie acid, the precipitate is flocculent 
and dissolves to a notable degree in ammoniated water (Weber). 

( 3 . Indirect determination , with previous precipitation as phospho- 
molybdate of ammonia , after Sonnenschein^ 

Applicable in all cases in which the phosphoric acid is present, in 
the tribasic state, even in presence of alkaline earths, alqmina, sesqui- 
jxide of iron, Ac. Tartaric acid, however, and' similarly acting organic 
substances, must be absent. No considerable quantity of hydrochloric 
K'id maybe present* Large quantities of chloride of ammonium, and 
T metallic ofcWdes generally, also of certain ammonia salts, especially 
the oxalate titrate (Konig),§ are to be avoided. Nitrate of am- 
monia assists ilfeprecipitation and neutralizes the injurious action of 
very largp quantities of nitrates and sulphates (E. Kichters).|| The 
molybdenum solution described “ QuaL Anal.,” § 52, is employed as 
the precipitant. , f It contains 5 per cent, of molybdic acid. The fluid to 
he examined for phosphoric acid should be concentrated, it may contain 
bee nitric or free sulphuric a&id. Transfer to % beaker and add a Con- 
siderable quantity of ' t]he molybdenum solution. About 40 parts 
molybdic acid'must be added for every 1 part of phosphoric acid ; therefore 
80 c.c. of the « mqlybdic solution for 1 grm. phosphoric $pid. Stir, 
ythout touching the . sides, and keep covered 12 hours at about 40°. 
Then remove a portion of the clear supernatant fluid with a pipette, 
^ it with an equal tolume of molybdenum solution, and allow it to 

* When the ordinary fixture is used, a little deviation from the correct process 
nay cause the precipitate to ooo tain -a trace qf basic sulphate" of magnesia. - The 
^'xture recommended is prepared jftl^hoWsi-^-Dissolve 83 grm crystallized sul- 
J 1ate of magnesia in boiling W»J<Mf 4 dd 5 <$.o. hydrochloric acid} then 82 grm. 
^ystallized chloride of Wipni'^illolyeql jjh water, boil, decant, filter, and test 

nether dilute sulphuric acid ^y%^ny v ^OGipitate in the filtrate; if it does, add a 
ltUe toore«alphate'ofina»!K^l?|™.™^twW and Washings, concentrate by 
^poration, allow to fiasW add 165 grm. pure chloride of 

animonuim, 260 0.0. ammonia . Allow to stand a few days 

tw llter if neoeswry. This wliKion d^i^ M same quantity of magnesia as 

l ^g,venin§6a,6, 

T Zeitschr. f. anal. Chem. 8, 17ft, J Journ. f. prakt. Cbem. 53, 343. 

§ Zeitschr. f. anal. Cbem. ro, 305. 0 lb. 10, 469. 
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stand some time at 40°. If a further precipitation takes place, return 
the portion to the main quantity, add more molybdenum solution, allow 
to stand again 1 2 hours, and test again. When complete precipitation 
has been effected pour the fluid oft' through a small filter and wash the 
precipitate entirely by decantation, using a mixture of 100 parts molyb- 
date solution, 20 parts nitric acid of 1*2 sp. gr., and 80 parts water* 
The washing must be thorough, and the last runnings must not be 
precipitated by excess of ammonia, even if lime, iron, &c., was present 
in the solution. Now dissolve the precipitate in the least quantity of 
ammonia, pour the fluid through the small filter, when the minute 
amount of precipitate thereon will be dissolved ; wash the filter with 
ammonia diluted with three volumes of water, mix the filtrate and 
washings, and add hydrochloric acid carefully till the precipitate 
produced, instead of redissolving instantly, takes a little time to dis- 
appear ; finally throw down with magnesia mixture (compare «). If 
the ammonia leaves a small amount of the precipitate undissolved, treat 
the residue with nitric acid and test the filtrate with molybdic solution 
in order to save any phosphoric acid. Results accurate.t 

As this method requires so large a quantity of molybdic acid, it is 
usually resorted to only in cases where methods b, a , and c are in- 
applicable ; and the phosphoric acid in 'the quantity of substance taken 1 
is not allowed to exceed *3 grin. Arsenic acid and silicic acid.f if 
present, must first be removed. Of all the methods for determining 
phosphoric acid which are admissable in the presence of sesquioxide of 
iron and alumina, this is the best in my opinion, especially for the 
estimation of small quantities of the acid in presence of large quantities 
of these bases. 

y. Indirect determination , with previous precipitation as phosphate of 
suboxide of mercury , after H. Rose.§ 

Applicable for the separation of phosphoric acid (also of pyro- and 
metaphosphoric acid) from all bases, except alumina. Comp., § 135* f 
Dissolve the phosphate in neither too large nor too small a quantity 
of nitric acid, in a porcelain dish, add pure metallic mercury in sufficient 
quantity to leave a portion, even though only a small one, undissolved 
by the free acid. Evaporate on the water-bath to dryness. If the warm 
mass still evolves an odor of nitric acid, moisten it with water, and heat 
again on the water-bath, until it smells no longer of nitric acid. Add 
now hot water, pass through a small filter, and wash until the washings 
leave no longer a fixed residue upon platinum. Dry the filter, which 
besides the phosphate, contains also basic nitrate of suboxide of mercury' 
and free mercury, mix its contents, in a platinum crucible, with mixed 

* According to E. Richters (Zeitschr. f. anal. Chem. 10! 471) you 
wash with a solution of nitrate of ammonia containing 15 grm. in 100 c.c. slight- 
acidified with jjjtric acid and containing a few per-cents of molybdic acid soluU 1 ’ 11 ' 
Zeitschr. f. anal. Chem. 3, 446, and 6, 403. •] 

J Silicic awimay also be thrown down, in form of a yellow precipitate, by * ^ 
solution of molybdate of ammonia, especially in presence of much chloral * 3 
ammonium (W. Knop, Chem. Centralbl. 1857, 691). Mr. Grundmann, who rep®^ 
Knop’s experiments in my laboratory, obtained |be same results. The I> rcc, l ) ’ ‘ U) 
dissolves in ammonia. If the solution, after Edition of some chloride of atom 01 ' ^ 
is allowed to stand for some time, the silicic acid separates, and the ,. 

acid may then be precipitated from the filtrate with magnesia-mixture ; it 
ever, always the safer way to remove silicic acid first. 

§ Pogg. Annal. 76, 218. 
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carbonates of soda and potassa in excess, roll the filter into the shape of 
a ball, place it in a hollow made in the mixture, and cover the whole 
with a layer of the mixed carbonates. Expose the crucible, under a 
chimney with good draught, for about half an hour to a moderate heat, 
so that it does not get red-hot. At this temperature, the nitrate of 
suboxide of mercury and the metallic mercury volatilize. Heat now 
over the lamp to bright redness, and treat the residue with hot water, 
which will dissolve it completely, if no sesquioxide of iron be present, 
and if no oxide of platinum has been formed. The latter may occur on 
account of too rapid heating, which might produce nitrate of soda, 
which would act upon the platinum. Supersaturate the clear (if neces- 
sary filtered) solution with hydrochloric acid, add ammonia and 
magnesia-mixture, and proceed as in a. 

6 . Indirect determination , with previous precipitation as phosphate of 
binoxide o f tin. 

act. After W. IIeissig.* The substance should be free from 
chlorides. Dissolve in concentrated nitric acid, add, at least, eight 
times as much of the purest tin (in the form of foil or small grains) as 
there is phosphoric acid present, and warm for five or six hours, until 
the precipitate has completely subsided. t Wash by decantation com- 
bined with filtration, rinse into a platinum dish, and digest with a small 
quantity of concentrated solution of potassa. The product of this 
operation is a mixture of metastannate and phosphate of potassa, which, 
upon addition of hot water, dissolves to a clear fluid, and even very 
readily if there has not been too much hydrate of potassa used. 
Dissolve, in the same way, the trifling particles of the precipitate which 
may still adhere to the filter, add this solution to that of the precipitate, 
transfer the whole fluid to a weighed flask of a litre capacity, and dilute 
with water to make the fluid up to about 900 grm. ; saturate now with 
sulphuretted hydrogen, adding also some pentasulphide of ammonium, 
And then acetic f\cid, until the bisulphide of tin is precipitated, and the 
fluid slvjhtly acid. Replace the flask now on the scale, add water, until 
the contents weigh 1000 grm. (or somo other round number), shake, 
allow it to stand for 12 to 16 hours, filter the supernatant cloar fluid 
into a porcelain dish, and weigh the flask again, which now contains 
the rest of the fluid together with the sulphide of tin. The weight 
found gives, by simple subt motion, also the quantity of the filtrate in 
which the phosphoric acid is to be estimated. The proportion which 
this bears to the total quantity of the fluid, viz., 1000 grm. minus the 
We ight of the sulphide of tin (which may be calculated with sufficient 
Accuracy from the amount of tin originally used, or may bo estimated 
111 the direct vjay), is easily found. 

Wash the filter used in transferring the clear fluid from the flask to v 
the porcelain dish, and add the washiligs to the filtrate in the latter ; 
^aporate the fluid to a small bulk, and estimate the phosphoric acid in 

t ,* Annal. d. Cliem. u. Pbarm 98, 339. The method is a judicions modification 
j tJiVNoso’s process (Jonro.f. prakt. Cliem. 54* 261), which latter, though in 
s' ncipio free from defects, yet presents certain practical difficulties, owing princi- 
ui lAfg® propoition of tin required for the process (eight times the 

tta* 1 0t Phosphoric acid), which tpakes the presence of ev«m slight impuri- 
coi 1 -V 10 .^ in a 90Urce of considerable error. These remarks of Rfiissia completely 
Heule with the results of my own experiments, 
int \i ^ le P rtJ8 ence of alunuua or sesquioxide of iron, portions of these bases pai» 

0 the precipitate (Gikaud;. 
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this according to b, a. The way here recommended of effecting tho 
separation of the phosphoric acid fluid from the sulphide of tin must be 
resorted tp of necessity, since in the filtration and washing of the 
sulphide, no matter whether with pure water or water containing 
sulphuretted hydrogen, a small quantity of tin would, inevitably be 
dissolved. -ypResults accurate. 

bb. After &irard.* In order t.o render the method depending on 
the original separation of the phosphoric acid as phosphate of binoxido 
of tin, applicable in the presence of alumina and sesquioxide of iron, 
Girard proceeds as follows : having obtained the precipitate, as in, aa, 
consisting of metastannic acid and phosphate of binoxide of tin, together 
with a little phosphate of sesquioxide of iron and of alumina, and having 
washed it first by decantation, then on a filter, he heats it either at first 
with a small quantity of aqua regia, and then with ammonia and 
sulphide of ammonium, or immediately with sulphide of ammonium in 
excess. The last process is recommended by 0. Baber, t on the ground 
that the former leaves a little phosphoric acid in the precipitate. Tho 
whole is digested about two hours, and then filtered ; the precipitate, 
consisting of sulphide of iron and hydrate of alumina, is washed with 
warm sulphide of ammonium, then with water containing a little sulphide 
of ammonium, dissolved in nitric acid, and the solution thus formed 
mixed with the filtrate from the tin precipitate which contains tho 
principal quantity of the bases. From the sulphide of ammonium filtrate, 
which contains bisulphide of tin and phosphate of ammonia, the phos- 
phoric acid is at once precipitated by magnesia-mixture. I may add 
that Girard considers 4 to 5 parts tin sufficient for 1 part phosphoric 
acid. The results afforded by his test-analyses are unexceptionable. 
According to Janovsky,^ at least six parts of tin,gmist be used. If 
the tin contains arsenic tho sulphide of ammonium -solution should bo 
treated according to aa, as direct precipitation with magnesia mixture 
would throw down a little arseniate of magnesia and ammonia with the 
phosphate. 

e. Indirect determination, with previous precipitation as phosphate of 
bismuth. . , stfUv?,':' 

This method was proposed by Chanced, § and modified by 
Birnbaum and Chojnaki.|| It is not applicable in presence of sul- 
phuric or hydrochloric acid and cannot lay claim either to quickness or 
accuracy.^ 


c. Determination as Phosphate of Uranium . 

After Leconte, A. Arendt, and W. Knop.** (Very suitable in 
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presence of alkalies and alkaline earths, but not in presence of any 
notable amount of alumina; in presence of sesquioxide of iron, the 
method can be applied only with certain modifications).* Whore it is 
possible, prepare an acetic acid solution of the salt. If you have a nitric 
or hydrochloric acid solution, remove the greater portion of the free 
acid by evaporation, add ammonia until red litmus paper dipped into it 
turns very distinctly blue, and then redissolve the precipitate formed in 
acetic acid. If mineral .acids were present, add also some acetate of 
ammonia ; this addition is beneficial under any circumstances. Mix the 
fluid now with solution of acetate of sesquioxide of uranium, and heat 
the mixture to boiling, which will cause the phosphoric acid to separate, 
in form of pale greenish-yellow phosphate of sesquioxide of uranium, 
and ammonia. 

Wash the precipitate, first by decantation, boiling up each time,, 
then by filtration; the operation may be materially facilitated by 
adding a few per-cents of nitrate of ammonia to the water. Dry the 
precipitate, and ignite as directed § 53. It is advisable to evaporate 
small quantities of nitric acid on the ignited precipitate repeatedly, and 
to re-ignite. The residue must have the color of the yolk of an egg. 
For the properties of the precipitate and residue, see § 93, 4, e. Should 
it be necessary to dissolve the ignited residue again, for the purpose of 
reprecipitating it, this can be done only after fusing it with a large ex- 
cess of mixed carbonates of soda and potassa, and thereby converting 
the pyrophosphoric into tribasic phosphoric acid. Results accurate ; 
compare the test-analyses given by the authors, Expt. No. 81, and 

Kissel’s experiments.t 

d. Determination as Basic Phosphate of Sesquioxide of Iron. 

a. Mix the jBbb|d fluid containing the phosphoric acid with an excess oF 
solution of sesquichloride of iron of known strength, add, if necessary,, 
sufficient ammonia to neutralize the greater portion of the free acid, mix 
with acetate of ahiinofiia in not too large excess, and boil. If the quantity 
of solution pf sesquichloride of iron added was sufficient, the precipitate 
must be broWp,|$h-red. This precipitate consists of basic phosphate and 
basic acetate of sesquioxide of iron, and contains the whole of the phos- 
phoric acid and of "the sesquioxide of iron. Filter off boiling, wash with 
boiling water mixed with some acetate of ammonia, dry carefully, and 
ignite in a platinum crucible with access of air (§ 53). Moisten the 
residue left upon ignition with strong nitric acid, evaporate this at a 
gentle heat, and' ignite again. Should this operation have increased 
the weight, which, however, is not usually the case, it must be repeated, 
until the weight remains constant. Deduct from the weight of the 
lesiduo that of* the sesquioxide of iron contained in the solution added ; 
the difference is the phosphoric acid. 

[This modification of Schglzb’s method was first recommended by 
A. Muller it has been adopted also by Way and Ogston, in their 
a ualyses of ashes* § improvement consists in the use of 

a solution of sesquichlQ^ifc ^f ihjpm of known strength, whereby the 
estimation of the sesquwS®^ in the residue (which would have 
to be effected in the mahn«P^r|bed § X13, 3) is dispensed with.] 

* Chem. CentralbL 18#, 182. fZeltsohr. f. anal. Cheai. 8, 167. 
t Journ. f. prakt. Ohem. 47, 34 1 * .... 

§ Journal of tho Royal Agricultural Society, viu. part u 
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/ 3 . J. Weeren’s method, suitable for the estimation of the phosphoric 
acid in phosphates of the alkalies and alkaline earths.* Mix the nitric 
acid solution of the phosphate under examination, which must contain no 
other strong acid, with a solution of nitrate of sesquioxide of iron of known 
strength, in sufficient proportion to insure the formation of a basic salt 
(3 or 4 parts of sesquioxide of iron should be added for 1 part of 
phosphoric acid); evaporate to dryness, heat the .residue to 160°, 
until no more nitric acid fumes escape, treat with hot water containing 
nitrate of ammonia until all nitrates of the alkalies And alkaline earths 
are removed, collect >the yellow-ochreous precipitate on a filter, dry, 
ignite (see § 53), weigh, and deduct from the weight the quantity of 
sesquioxide of iron added. LATSCHiNowt recommends heating the 
residue to 200°, warming with water and a few drops of sulphuric acid, 
adding ammonia and then treating with hot solution of nitrate of 
ammonia. He says that the phosphoric acid is thus more completely 
separated, and the precipitate may be more readily filtered off. 


e. Determination as Basic Phosphate of Magnesia (3Mg0,P0 s ). 

(Fr. Schulze’s method, suitable more particularly to effect the 

.-separation of phosphoric acid from the alkalies.^) 

Mix the solution of the alkaline phosphate, which contains chloride 
of ammonium, with a weighed excess of pure magnesia, Evaporate to 
dryness, ignite the residue until the chloride of ammonium is expelled, 
and separate the magnesia, which is still present in form of chloride of 
magnesium, by means of oxide of mercury (§ 104, 3, h). Treat the 
ignited residue with water, filter the solution of the chlorides of the 
alkali metals, wash the precipitate, dry, ignite, and weigh. The excess 
>/jf weight over that of the magnesia used, shows the quantity of the 
phosphoric acid. Besults satisfactory. 

f. Schlosing’s method§ does not appear to offer any advantages. 
The phosphate is mixed with silica and ignited in carbonic acid, the 
expelled phosphorus being taken up by copper or nitrate of. silver. 

g. Determination by Volumetric Analysis ( With Uranium Solution), 
This method was recommended originally by Leconte. || It was 

improved and described in detail by Neubauer, < [[ and was afterwards, 
recommended by Pincus,** and subsequently by Bodeker. 1 T The 
principle of the method is as follows : acetate of sesquioxide of uranium 
precipitates from solutions rendered acid by acetic acid, phosphate of 
sesquioxide of uranium, or — in the presence of considerable quantities 
of ammoniacAl salts — phosphate of ser ^uioxide of uranium and ammonia. 
The proportion between the uranium and the phosphoric acid is the 
same in both compounds. Both compounds when freshly precipitated 
and suspended in water are left unchanged by ferrocyanide of potassium ; 
acetate of sesquioxide of uranium, on the other hand, is indicated by 

* Journ. f . prakt, Chem. 67, 8. + Zeitschr, 1 , anal. Chem. 7, 213. 

t Journ. f. prakt. Chem. 63, 440. 

§ Zeitschr. f. anal. Chem. 4, 118, and 7/473. 

*1 Jahresber. von Liebig ti. Kopp, fttr 1853, 642. 
f Archiv fttr wissenschaftliche Heilkunde, 4, 22S. 

** Journ. f. prakt. Chem. 76, 104. 
ft Annal d. Chem. u. Pharm. 117, 1^5. 



PHOSPHORIC ACID. 


313 


§ 134.] 

this reagent with great delicacy, insoluble reddisli-brown ferrocyanide 
of uranium being precipitated. 

According to Neubauer* the following solutions are employed : — 

a. A solution of phosphoric acid of known strength. Prepared by 
dissolving 10*085 grm. pure, crystallized, uneflloresced, powdered, and 
pressed phosphate of soda in water to 1 litre. 50 c.c. contain ‘i grm. 
'pQ It is well to control this solution by evaporating 50 c.c. in a 
weighed platinum dish to dryness, igniting strongly, and weighing. 
The weight should be *1874 grm. 

b. An acid solution of acetate of soda . Prepared by dissolving 100 
grm. acetate of soda in 900 water, and adding acetic acid of 1*04 sp. gr, 
to 1 litre. 

c. A solution of acetate ( or nitrate) of sesquioxide of uranium (§ 63, 
3). This is standardized by means of the phosphate of soda solution. 

1 c.c. indicates *005 grm. PO fi . The solution is made at first a little 
stronger than necessary, so that it may contain in the litre say 2 2 grin . 
Ur a 0 8 (corresponding to 32*5 grm. Ur a O s ,A + 2 aq. or 34 grm. Ur.,0 3 ,A 
+ 3 aq.), its value is determined, and it is diluted accordingly. To deter • 
mine its value proceed as follows : transfer 50 c.c. of the a solution to a 
beaker, add 5 c.c. of the b solution, and heat in a water-bath to 90 — ioo°. 
Now run in uranium solution, at first a large quantity, at last in \ c.c., 
testing after each addition whether the precipitation is finished or not. 
For this purpose spread out one or two drops of the mixture on a white 
porcelain surface and introduce into the middle, by moans of a thin 
glass rod, a small drop of freshly prepared ferrocyanide of potassium 
solution or a little of the powdered salt. As soon as a trace of excess 
of acetate of uranium is present, a reddish-brown spot forms in the drop, 
which, surrounded as it is by the colorless or almost colorless fluid, may 
be very distinctly perceived. When the final reaction has just appeared, 
heat a few minutes in the water-bath and repeat the testing on the 
porcelain. If now the reaction is still plain the experiment is concluded. 
If the uranium solution had been exactly of the required strength, 20 
c.c. would have been used \ but it is actually too concentrated, hence 
less than 20 c.c. must have been used. Suppose it was 18 c.c., then 
the solution will be right, if for every 18 c.c. we add 2 c.c. of water. 
If in this first experiment we find that the solution is much too 
strong, the Solution is diluted with somewhat less water than is 
properly speaking required, another experiment is made, and it is then 
diluted exactly. 

The actual analysis must be made under as nearly as possible 
similar circumstances to those under which the standardizing of the 
uranium solution was performed, especially as regards the acetate of 
soda. This scflt retards the precipitation of uranium by ferrocyanide 
uf potassium, hence the test drop on the porcelain plate becomes 
darker and darker. The analyst should accustom himself to observing 
first appearance of the slightest brownish coloration in the middle 
uf the drop, and should take this as the end-reaction. It need hardly 
be added that the same ^person must make the analysis who has 
standardized the solution (j^UBAUER). . , . 

The method is applicable to tree phosphoric acid, alkaline phosphates, 
an d phosphate of magnesia, also in the presence of small quantities of 

* His Anleiiung zur Harnanalyse, 6 Aufl. 171. 
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the phosphates of other alkaline earths, but cannot bo employed in 
presence of sesquioxide of iron And alumina. Dissolve the substance 
in water or the least -possible quantity of acetic acid, add 5 c.e. of 
the b solution, dilute to 50 c.c., and. proceed with the addition of 
uranium ^ above. The results are very satisfactory. Compare Kissel’s 
experiment? If the above process is followed in the presence of 
much lirqe, for instance with a solution of basic phosphate of lime 
in dilute Acetic, acid, the results are almost always too low, as a little 
phosphate of lime is liable to separate when the fluid is heated. This 
difficulty may be easily obviated by adding the phosphate solution to 
the uranium, till ferrocyanide of potassium ceases to give a reaction 
(R. FeesAnius, Neubauer, and Luck)+. The operation of standardizing 
the uranium will then take the following form. 

Transfer 25 c.c. of the uranium solution to a beaker, add 5 c.c. of 
the acetate of soda and 3 c.c. acetic acid of 1*04 sp. gr., heat in the 
water-bath and run in the standard phosphate of soda from a burette, 
till a drop taken out just ceases to give a reaction with a little powdered 
ferrocyanide of potassium on a porcelain plate. After each fresh 
addition of phosphate, replace the beaker in the boiling water and wait 
a few minutes before testing. Of course the phosphate may be added 
without fear as long as the fluid remains yellowish. In making the 
analysis take care that the lime solution does not contain too large an 
excess of acetic acid, that its state of concentration does not differ greatly 
from that of the standard phosphate of soda, and that its total quantity 
is known before the burette is tilled. 

There are other volumetric methods proposed by Fleisciier£ (with 
alumina), and Schwarz§ (with lead). The latter depends on a correct 
principle, and is sufficiently exact for neutral fluids ; but, the presence of 
acetic acid being injurious, its use is extremely limited. See Fa. Monad) 

II. Separation of Phosphoric Acid from the, Bases. 

§ i3S- 

a. From the Alhalies (see also d, k, tt f l). 

a. Add chloride of ammonium, or hydrochloric acid, tlap acetate of 
lead, exactly, till no more precipitate is produced, and lasSly some pure 
carbonate of lead (prepared by precipitating acetate of lead with car- 
bonate of ammonia, Baber^[), allow to digest for some time, filter oft 
the precipitate consisting of phosphate, chloride, and carbonate of lead, 
wash, precipitate from the filtrate the slight excess of lead by sulphu- 
retted hydrogen, filter and evaporate with hydrochloric acid (in the 
case of lithia, sulphuric yn). If the phosphoric acid is io be estimated 
in the same portion, ppPed with the first precipitate (after washing 
to remove the larger quantity of chloride), according to b. 

p. (Only applicable in the case of fixed altodies). Separate the 
phosphoric acid ^phosphate of sesquio^<jfeKf . iron, according to one ot 
the methods S Or if yqiH^ not wish to estimate the 

* Zeitschr. £. « f A io, 147- 

$ Dingier 0 polyt. Jouro. 169, 289 5 Zeitschr. lanal. Cheih. 2 , 39 2 - 
II Zeitschr. f. anal. Chem. 2, 256. , 

IT Zeitschr. f. die ges. Nat ur wist. 1864, 298; Zeitschr. f. anal. Chem. 4> I2 °* 
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phosphoric acid it is very convenient to acidify with hydrochloric acid, 
add sesquichloride of iron, dilute rather considerably, add ammonia 
till the fluid is neutral, and boil ; all the phosphoric acid will then 
separate with the basic sesquichloride of iron as phosphate of iron. 
The separation of phosphoric acid may also be effected as basic phosphate 
of magnesia (§ 134, e). The alkalies are contained in the filtrate as 
nitrates or chlorides. . 

b. From Baryta , Strontia, Lime , and Oxide of Lead. 

The compound under examination is dissolved in hydrochloric or 
nitric acid, and the solution precipitated with sulphuric acid in slight 
excess. In the separation of phosphoric acid from strontia, lime, and 
oxide of lead, alcohol is added with the sulphuric acid. The phosphoric 
acid in the filtrate is determined according to § 134, b, a , after removal 
of the alcohol by evaporation. The determination of the phosphoric 
acid is effected most accurately by saturating the fluid with carbonate 
of soda, evaporating to dryness, and fusing the residue with the car- 
bonates of soda and potassa. The fused mass is then dissolved in water, 
and the further process conducted as in § 134, b> a. 

c. From Magnesia (see also d, h, k, l). 

Add sesquichloride of iron in sufficient excess, dilute, add excess of 
carbonate of baryta, allow to remain for several hours wfith frequent 
stirring, filter and separate magnesia and baryta in the filtrate after 

§ 154 - 

d. From the whole of the Alkaline Earths and fixed Alkalies (comp. 
h,h,l). 

a. Dissolve in the least possible quantity of nitric acid, add a little 
chloride of ammonium, precipitate exactly with acetate of lead, add a 
little carbonate iff lead (precipitated), digest, filter, precipitate the excess 
of lead rapidlyfrom the filtrate by sulphuretted hydrogen, filter and 
determine the buses in the filtrate. Results good. 

0. Dissolve in water, and — in the case of alkaline earthy phosphates 
— the least possible nitric acid, add neutral nitrate of silver and 
then carbonate of silver, till the fluid reacts neutral. All phosphoric 
acid now separates as 3Ag0,P0 4 . Warming is unnecessary. Filter, 
wash the precipitate, dissolve it in dilute nitric acid, precipitate the 
silver with hydrochloric acid, and determine the phosphoric acid in tho 
filtrate according t6 § 134, b\ a. The filtrate from the phosphate of 
silver is freed from silver by hydrochloric acid, and the bases are then 
determined according to the methods already given (G. Chancel*). 
A good and Convenient method unless the proportion of alkali is very 
| ar ge. (If the substance contains alumina or sesquioxide of iron, theso 
bases are completely precipitated by the carbonate of silver, and are 
found mixed with the phosphateof silver,) . 

y- Separate the phosttfeiiio acid as phosphate of sesquioxide of 
uranium (§ 134, c), of uranium from the 

Saline earths, 4 ^., in to §§ 160 and 16 1, Supple- 

Baen t* Results good, * ,’*%#• 

d. Separate the phosphoric acid according to § i 34 > d, a or 0 * The 
♦ 

# Compt. rend. 49, 99 7 * 
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alkaline earths are obtained in solution in the first case, as chlorides 
together with alkaline acetate and chloride ; in the second case as 
nitrates. Results good. 


e. From Alumina . 

The best method of separating phorphoric acid from alumina is that 
depending on precipitation by molybdate of ammonia (l). The separation 
of the acid as phosphate of binoxide of tin (A, a ) is also satisfactory. 
The older methods are now scarcely ever employed, and I will therefore 
only briefly describe the two which were formerly most in use. 

a. Otto’s method. The fluid is mixed with tartaric acid and ammonia, 
and the phosphoric acid is precipitated with magnesia mixture. It is 
very difficult, even by repeated precipitation, to obtain a precipitate 
free from alumina. On the other hand, a small part of the phos- 
phoric acid remains in solution. Compare Ilyren,* F. Knapp, f and 
R. Pribram.^ 

ft. After Berzelius. Pulverize the compound very finely, mix 
with about i| parts of pure silicic acid§ and 6 parts of carbonate of 
soda, in a platinum crucible, and expose for half an hour to a stron 
red heat. Macerate the ignited mass in water, add bicarbonate of 
ammonia ha excess, digest for some time, then filter and wash. On the 
filter you have now silicate of alumina and soda, in the solution phos- 
phate of soda, bicarbonate of soda, and carbonate of ammonia. (Were 
the solution filtered before the addition of the bicarbonate of ammonia, 
it would contain also some of the alumina.) Determine the phosphoric 
acid in the solution as directed in § 134, b, a, and separate and deter- 
mine the alumina in the insoluble residue in the manner described § 140. 
The method is troublesome and tedious, the precipitate being difficult to 
wash ; but the results are accurate. Compare Schweitzer. || 

/. From Sesquioxide of Chromium (see also A, Jc, 1 ). ’ 

Fuse with carbonate and nitrate of soda, and separate the chromic 
acid and phosphoric acid in the manner described § 166. 

<7. F rom the Metallic Oxides of the Fourth group (see also A, k, l)> 

a. The method so often used of fusing with carbonate of soda docs 
not give accurate results on account of the constant presence of some 
phosphoric acid in the washed residue. Compare W. SchweikkrtIT 
and G, Schweitzer.** The former has studied the separation of oxide 
of zinc from phosphoric acid by this method, the latter the separation 
of sesquioxide of iron. 

p. Dissolve in hydrochloric acid, add tartaric acid, chloride of ammo- 
nium and ammonia, and finally, in a flask which is to be closed after- 
wards, sulphide of ammonium, put the flask in a moderately warm place 
allowing the mixturet^^jrisit until the fluid appears of a yellow 
color,. without the J^^HRof green; filter, and determine the metals 
as directed in §§ The phosphoric acid is found from tho loss 

# Journ. de Pharm. 21, 28. ,+ Zeitschr. f. anal. Chem. 4, 151. 

X VierteljahreMchr. f. prakfc. Pharm. 15, 184. 

§ The safest way is to use artificially prepared silicic acid. 
tV( 11 Zeitschr. f. anal. Chem. 9, 89. 

Stoical, d. Chem, 11, Phaim. 145, 5 7; Zeitschr. f. anal. Chem. 7, 246. 

. " ** Zeitschr. f. anal. Chem. 9, 84. 
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or determined according to § 134, b, a. The magnesia-mixture may 
immediately be added to the filtrate, which contains sulphide of ammo- 
nium. The washed precipitate is redissolved in just sufficient hydro- 
chloric acid, and the solution reprecipitated by ammonia with addition 
of magnesia-mixture. This method is not well adapted for phosphate 
of nickel. r - 

Jt. From Metallic Oxides of the Second, Third, and Fourth Groups. 

a. More especially from the alkaline earths, alumina, the oxides of 
manganese, nickel, cobalt, and zinc ; also from sesquioxide of iron, if 
the quantity of the latter is not too considerable. 

The phosphoric acid is precipitated as phosphate of binoxide of tin, 
according to § 134, h, l,aa. The filtrate contains the bases free from 
any foreign body requiring removal, which, of course, greatly facilitates 
their estimation.* Reissig obtained very satisfactory results by this 
method. In separating phosphoric acid in the presenco of sesquioxide 
of iron and alumina by means of tin, Girard’s process (§ 134, b , 8, bb) 
should be adopted. 

/ 3 . From sesquioxide of iron, alumina, alkaline earths, and all other 
oxides not precipitable by carbonate of baryta (H. Rose). 

Mix the hydrochloric acid solution — after removing the £ree acid as 
far as practicable by evaporation, and subsequently neutralizing it 
partly by carbonate of soda — with carbonate of baryta in excess, let the 
mixture digest some days in the cold, filter, and wash with cold water. 
The precipitate contains the whole of the phosphoric acid in combi- 
nation with sesquioxide of iron, alumina, baryta, and also the excess of 
carbonate or baryta used. The other bases are in the filtrate. The 
precipitate is dissolved in the least possible quantity of dilute hydro- 
chloric acid, the baryta cautiously precipitated with sulphuric acid and 
filtered off, the filtrate saturated with carbonate of soda, and evapo- 
rated to dryness with the precipitate in it ; the residue is mixed with 
an equal quantity of pure silicic acid, and six times as much carbonate 
of soda, and the mixture heated in a large platinum crucible, commencing 
with a gentle heat, which is then gradually increased to a very high 
degree of intensity. The remaining operations are conducted exactly 
as directed in 

y. From sesquioxide of iron in large proportion and in presence of 
alkaline earths (FRESEifius).t 

The determination of tne phosphoric acid in such compounds may, 
indeed,. be accomplished by the method given in § 134, d, but the: 
separation by these methods, of a small quantity of phosphoric acid 
lrom a very large proportion of sesquioxide of iron is a most tedious- 
operation : it Is therefore preferable in cases of the kind to proceed as 
follows : the hydrochloric acid solution is heated to boiling, then 
removed from the lamp, and solution of sulphite of soda added, until 
carbonate of soda produces a n( arly white precipitate ; the mixture is 
then boiled until the odor of sulphurous acid has gone off; the excess 
°f free acid which might still be present is nearly neutralized with 
carbonate of soda, a few drops of chlorine water are added, and lastly, 

is not concentrated, a little nitrate of protoxide of tin is 
and must afterwards be precipitated from the acid fluid by 
Baber, Zeitschr. f. d. ges. Naturwiss. 1864, 324. 
f Journ. f. prakt. Chem. 45, 258. 


th e nitric acid 
Selves 
8ul phuretted hydrogen. 
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, acetate of soda in excess. The minutest quantity of phosphoric aril 
shows itself at once by the formation of a white precipitate of phosniw 
of sesquioxide of iron.* More chlorine water is now added, drop bv 
drop, until, the fluid appears reddish; it is then boiled until’ the prl 
cipitate ‘has well subsided; the latter is filtered off hot, and washed 
with hot water mixed with a little acetate of ammonia. The precipitate 
contains the Whole of the phosphoric acid, together with a small portion 
of the irito; the filtrate contains the greater portion of the latter 
together with the alkaline earths. The precipitate is treated as directed 
in l, that is, the phosphoric acid is first separated from the nitric acid 
solution by molybdate of ammonia, and the iron and alumina are then 
precipitated from the filtrate by sulphide of ammonium. If the pre- 
cipitate is free from alumina, it may also be ignited, weighed, and the 
iron in it, determined in the volumetric way (§ 113), in which case the 
phosphoric acid is found from the loss. This method may be varied in 
many , ways ; thus, the sesquieliloride of iron may be reduced by sulphu- 
retted hydrogen, the excess of the latter being expelled by carbonic 
acid, and again the precipitation of the phosphate of iron may be effected 
by digestion with carbonate of lime (free from phosphoric acid). If you 
precipitate the phosphate of iron by sesquicarbonate of ammonia you 
must do so at a temperature below 21 0 , otherwise a little phosphoric 
acid will remain in the filtrate (SriLLER.f) 

t. From the Metals of the Fifth and Sixth Groups. 

Dissolve in hydrochloric or nitric acid, precipitate with sulphuretted 
hydrogen, filter, determine the bases by the methods given in §§ 1 15 to 
127, and the phosphoric acid in the filtrate by the method described 
§ 134, b, a. From oxide of silver the phosphoric acid is separated in a 
more simple way still, by adding hydrochloric acid to the nitric acid 
solution; from oxide of lead it is separated most readily by the method 
described in b. 

h. From all Bases , except the Oxides of Mercury (H. Rose). 

The phosphoric acid is separated as phosphate of suboxide of mercury 
by Bose’s method (§ 134, b, y). '■ fff 

a. If the substance is free from iron and alumina, the filtrate from 
the phosphate of suboxide of mercury contains all the bftses as nitrates, 
together with much nitrate of suboxide of mercury, and occasionally 
o}so some , oxide. The former is removed by the addition of hydro- 
chloric acid. The precipitated subchloride of mercury is free from other 
bases, H only a slight precipitate is produced by hydrochloric acid, 
add ammonia before filtering. The bases ifi the filtrate are determined 
in the usual way. If the mercury has been separated by ammonia, the 
precipitate, is dri^jjljd ignited (under a chimney with good draught). 
Should a residu^HjRn, this must be examined. If it.' consists of 
phosphates of thelKaline earths, the treatment with mercury and nitric 
acid must be repeated ; if, on the contrary, %t consists of pure magnesia 
or of carbonates of the alkaline earths, it is dissolved in hydrochloric 
acid, and the solution added tothe fitii^ <^^taining the chief portion of 
the bases. The following -^^^ Mg ^i|^adyftntageously resorted to 

* Silicic aqidt and arsenic precipitate, and must therefore, 

if present, be previously removed. 

{ , f Journ. ofCheni, Soe. (2)4, 148. * 
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instead of the one described : the filtrate from the phosphate of sub- 
oxide of mercury is evaporated to dryness, in a platinum dish, and the 
residue ignited, in a platinum crucible, under a chimney with good 
draught. If alkaline nitrates are present, some carbonate of ammonia 
must 1 be added from time to time during the process of ignition, to 
(Tuard against injury to the crucible from the formation of Caustic alkali. 
The ignited residue is treated, according to circumstances, first with 
water and then with nitric acid, or at once with nitric acid. 

0 . If the substance contains iron but not alumina , the greater part of 
the iron is left undissolved with the phosphate of suboxide of mercury. 
The dissolved part is separated from the other bases by the methods 
sriven in Section V. ; the undissolved part is obtained, after ignition of ' 
the residue with carbonate of soda and potassa and treating the ignited 
mass with water, as sesquioxide of iron containing alkali (and gene- 
rally also some phosphoric acid). This is dissolved in hydrochloric 
acid, and precipitated .with ammonia. 

y. If the substance contains alumina the process just given cannot be 
used, as phosphate of alumina is not decomposed by fusion with car- 
bonated alkali, while nitrate of alumina, like nitrate of sesquioxide of 
iron, is decomposed by simple evaporation. In this case proceed as 
follows : Dissolve the substance in the least quantity of nitric acid, 
precipitate hot with nitrate of suboxide of mercury, add a little nitrate 
of protoxide of mercury, and then pure potash or soda, till a per- 
manent red precipitate appears. The precipitate contains no alumina, 
it is to be treated according to a or /3 (H. Kose, E. E. Munroe*). 

1. From all Bases without exception. ( 

Apply SonMCNSCHEin’s method (§ 134 , 6 , /3), and in the filtrate 
from the phqspho-molybdate of ammonia separate the bases from the 
molybdic acid. As molybdic acid comports itself with sulphuretted 
hydrogen and sulphide of ammonium like a metal of the sixth group, 
it is best to precipitate metals of the sixth and also of the fifth group 
from acid solution with sulphuretted hydrogen, before proceeding to 
precipitate the ptesphoric acid with molybdic acid ; the latter will then 
have to be separated only from the metals of the first four groups. This 
is done in the following manner : mix the acid fluid, in a flask, with 
ammonia till it acquires an alkaline reaction, add sulphide of ammonium 
la sufficient excess, close the mouth of the flask, and digest the mixture. 
As soon as the solution appears of a reddish-yeUow color, without the 
least tint of green, filter off the fluid, which contains sulphide of 
Molybdenum and ammonium, wash the residue with water mixed with 
some sulphide of ammonium, and separate the remaining metallic sul- 
phides and hydrated oxides of the fourth and third groups by the 
Methods which will be found in Section Y. Mix the filtrate cautiously 
with hydrochloric acid in moderate excess, remove the sulphide of 
Molybdenum according to § 128 , ck and determine the alkaline earths 

and ^ alies to the 'filtrate* # 

This method of separating the phpsphoric acid from the bases is 
to be recommended ; esp^iajly incases where a small quantity 
ot Phosphoric acid has ** in presence of a very large 

quantity of sesquioxide of jp^^^Jxnina, as, for example, in iron 

* Amer. Journ. of Sci. and Arts, May, 1871 ; Zeitschr. f. anal. Chem. 10, 467. 
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ores, soils, &c. As arsenic acid and silicic acid give, with molybdic 
acid and ammonia, similar yellow precipitates, it is necessary, if these 
acids are present, to remove them first. 

As* the separation of the bases from the large excess of molybdic 
acid used is somewhat tedious, the best way is .to ..arrange matters so 
that this process may be altogether dispensed with. Supposing, for 
instance, you have a fluid containing sesquioxide of iron, alumina, and 
phosphoric acid, estimate, in one portion, by cautious precipitation with 
ammonia, the total amount of the three bodies ; in another portion the 
phosphoric acid, by means of molybdic acid ; and in a third, tho ses- 
quiqxjde of iron, in the volumetric way. The difference gives tho 
alumina. I have already called attention (h y) to a method which is 
often very convenient, and which consists in first separating the phos- 
phoric acid with a small part of the iron, and then determining the acid 
with the iron and alumina in this precipitate. In this way you have 
merely to separate the molybdic acid from the minute quantity of iron 
and the alumina, and not from other bases, which greatly simplifies the 
process. 

§ 1 3 6 - 

2. Boracic Acid. 


I. Determination. 

Boracic acid is estimated either indirectly or in the form of boro- 
fluoride of potassium. 

i. The determination of the boracic acid in an aqueous or alcoholic 
solution cannot be effected by simply evaporating the fluid and weigh- 
ing the residue, as a notable portion of the acid volatilizes and is 
carried off with the aqueous or alcoholic vapor. This is the case also 
when the solution is evaporated with oxide of lead in excess. 

a. Mix the solution of the boracic acid with a weighed quantity of 
perfectly anhydrous pure carbonate of soda, in amount about i% times 
the supposed quantity of the boracic acid present. Evaporate the 
mixture to dryness, heat the residue to fusion, and weigh. The residue 
contains a known amount of soda, and unknown quantities of carbonic 
acid and boracic acid. Determine the carbonic acid by one of the 
methods given in § 139, and find the boracic acid from the difference 
(H. Rose). 

b. In the method a, if between 1 and 2 eq. carbonate of soda are 
used to 1 eq. boracic acid — and this can easily be done if one knows 
approximatelvAhe amount of the latter present — all the carbonic acid is 
expelled bjjBMMm’acic acid. Hence we have only to (jeduct the Nat> 
from the jHpnie to find the BO s . As the tumultuous escape of carbonic 
acid may lead to loss, it is well, after having thoroughly dried tho resi- 
dual saline mass, to project it in srn^ll portions cautiously into the 
red-hot crucible. Results good (F. G t ,|fcHAFFGOTSCft).* 

c. When the amount of acid is quite unknowri, and an estimation ot 
carbonic acid in the residue 'is objected to, you may proceed thus* 
Evaporate the solution of the acid with addition of a weighed quantity 
of anhydrous neutral borax freeffrom carbonic acid to dryness, and nea 
the residue to redness with great caution (on account of the mtu- 

V * Pogg, Ann, 107, 427. 
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mescence) till the weight is constant. The amount of neutral borax 
must be so adjusted that it may not be entirely converted into biborate 
of soda (H. Rose). , 

d. If a solution contains besides boracic acid, only alkalies or mag* 
mesia, the acid mtfy be determined, according to C. MarignAc,* in the 
following manner: — Neutralize the solution with hydrochloric acid, add 
double chloride of magnesium and ammonium in such quantity that i 
part of boracic acid may have at least 2 parts of magnesia, then add 
ammonia and evaporate to dryness. If a precipitate is formed on adding 
the ammonia which does not redissolve readily on warming, add, more 
chloride of ammonium. The evaporation is conducted, at least towards 
the end in a platinum dish, a few drops of ammonia being added from 
time to time. Ignite the dry mass, treat with boiling water, collect the 
insoluble precipitate (consisting of borate of magnesia mixed with excess 
of magnesia) on a filter, and wash with boiling water till the washings 
remain clear with nitrate of silver. The filtrate and washings are 
mixed with ammonia, evaporated to dryness, ignited, and washed with 
boiling water as before. 

The two insoluble residues are ignited together in the platinum dish 
before used, as strongly as possible, and for a sufficiently long time, 
in order to decompose the slight traces of chloride of magnesium 
that might still be present After weighing determine the magnesia 
and find the boracic acid from the difference. The estimation of 
the magnesia may be made by dissolving the residue in hydro- 
chloric acid and precipitating as phosphate of magnesia and ammonia, 
or more quickly, and almost as accurately, by dissolving in a 
known quantity of standard sulphuric acid at a boiling temperature 
and determining the excess of acid with standard soda (comp. Alkali- 
metry). 

Should a little platinum remain behind on dissolving the residue, it 
must be weighed and subtracted from the weight of the whole (unless 
the dish was weighed first). Results satisfactory. Marignac obtained 
in two experiments ‘276 instead of -280. 

2 ; ^ boracic acid is to be determined as borofluoride of potassium, 
alkalies only (preferably only potash) may be present. The process is 
conducted as follows ; — Mix the fluid with pure solution of potassa, 
adding for each eq. boracic acid supposed to be present, at least 1 eq. 
potassa ; add pure hydrofluoric acid (free from silicic acid) in excess, and 
evaporate, in a platinum dish, on the water-bath, to dryness. The 
umos from the evaporating fluid should redden litmus paper, otherwise 
TCiMr ^ a deficienc y °f hydrofluoric acid. The residue consists new of 

5IH3 and KF,HF. Treat the dry saline mass, at the common 
^mpemture, with a solution of 1 part of acetate of potassa in 4 parts of 
a or, let it stand a few hours, with stirring, then decant the fluid 
portion on to a weighed filter, ai*d wash the precipitate repeatedly in the 
th 01 ? dna % on the filter, with solution of acetate of potassa, until 
0 ast rinsings are no longer precipitated by chloride of calcium. By 
course of proceeding, the hydrofluate of fluoride of potassium is 
without a particle of thie borofluoride of potassium being 
wit}° • • r . emove the acetate of pptassa, wash the precipitate now 

b spirit of wine of 78 per cent., dry at iob°, and weigh. As chloride 


* Zeitschr. f anal. Cliem. 1, 405. 

Want. V ol. i. 
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of potassium, nitrate and phosphate of potassa, salts of soda, and even 
though with some difficulty, sulphate of potassa, dissolve in solution of 
acetate of potassa, the presence of these^salts does not interfere with 
the estimation of the boracic acid ; however, salts of soda must not be 
presentin considerable proportion, as fluoride of sodium dissolves with 
very ^poulty* The results obtained by this method are satisfac- 
tory* experiments gave froin 97*5 to 1007 instead of 

100. Wheir the amount of alkali salt to be removed is very large, the 

saline on evaporation should be warmed with the solution of 
aeetejW Jtfvpotassa, allowed to stand 12 hours in the cold and then 
Altered^ In this way the quantity of acetate of potassa required will be 
much reduced. For the composition and properties of borofluoride of 
potaasram, see § 93, 5. As the salt is very likely to contain silicofluoride 
of pblSssiuin it is indispensable to test it for that substance ; this is done 
by placing a small sample of it on moist blue litmus paper, and putting 
another sample into cold concentrated sulphuric acid. If the blue paper 
turns red, and effervescence ensues in the sulphuric acid, the salt is 
impure, and contains silicofluoride of potassium. To remove this 
impurity, dissolve the remainder of the salt, after weighing it, in boiling 
water, add ammonia, and evaporate, redissolve in boiling water, 
add ammonia, &c., repeating the same operation at least six times. 
Finally, after warming once more with ammonia, filter off the silicic 
acid, evaporate to dryness, and treat again with solution of acetate of 
potassa and alcohol (A. Stromeyer).* I was obliged to modify 
8troheyers method for effecting the separation of the silicic acid, 
the results of my experiments having convinced me. that treating the 
salt only once with ammonia, as recommended by that chemist, is not 
sufficient to effect the object in view. .. •?. 


* 

II. S reparation of Boracic Acid from the Bans, 


• a. From the Alkalies. . ' , 

Dissolve a weighed quantity of the borate in wafer, add an excess of 
hydrochloric acid, and evaporate the solution ott* the' Water-bath. To- 
wards the end of the operation add a few more drops of hydrochloric 
acid, and keep the residue on the water-bath, until no more hydrochloric 
acid vapors escape. Determine now the chlorine in the residue (§ I 4 1 )' 
calculate from this the alkali, and you will find the boracic acid from 
the difference. 

E. Schweizer, with whom this method originated, states that it gave 
him very satisfactory results in the analysis of borax. It will answer 
also for the estimation of the bases in the case of some other borates. 

1 It is self-evident that the boracic acid may be estimated, in another 
portion of the salt, by I., 1, c, or 2. If you have to estimate boraeje 
acid in presence of large proportions of alkaline salts, make the fin 1 
alkaline with potassa, evaporate to dryness, extract the residue wit 1 
alcohol and some hydrochloric acid, add solution of potassa to strong 7 
alkaline reaction, distil off the spirit o^Ww* and then proceed as 111 ,} 
1, c, or 2 (Aug. StromeyEr, Joy. 4 . . ii v 

LuNGEt determined the sodiiil^^onatrocalcite alkalimetries . > 
by dissolving the mineral In noiTOfiI:-it 3 iitric acid (§ 215) and titrate 

' i * Annai d. Chem. u. Pharm. 100, 82. f 75 . 138, 53 * 
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back with normal soda, till the tint of the litmus added becomes 
violet. •, 

b. From Lime. . . :•*'/- ffiA' * # - 

Dissolve in hyd^^j^^d in the heat, avoiding too lam an 
excess, neutralize^ with 1 a mmont a and precipitate with oxalate of 'am- 
monia (Lung *&).' * v •* 1 


c. From almost all other Bases except Alkalies. 

The compounds are decomposed by boiling or fusing with carbonate 
or hydrate of potassa ;the precipitated base is filtered off, and the 
boracic acid determined in the filtrate, according to I., i, d, or 2. If" 
magnesia was present, a little of this is very likely to get ink) the 
filtrate, and— if process I., 2, is employed — upon neutralizing^ with 
hydrofluoric acid, this separates an insoluble fluoride of magnesium, 
which may either be filtered off at once, or removed subsequently, by 
treating the borofluoride of potassium with boiling water, in which that 
salt is soluble, and the fluoride of magnesium insoluble. 


d. From the Metallic Oxides of the Fourth , Fifth, and Sixth Groups. 

The metallic oxides are precipitated by sulphuretted hydrogen, or, as. 
the case may be, sulphide of ammonium,* and determined by the appro- 
priate methods. The quantity of boracic acid may often be inferred? 
from the loss. If it has to be estimated in the direct way, the filtrate,, 
after addition of solution of potassa and some nitrate of potassa, is eva- 
porated to dryuess, the residue ignited, and the boracic acid estimated 
by I., 1, d, or 2 4 Jn cases where the metal has been precipitated by 
sulphuretted hydrogen from acid or neutral solutions, the boracic acid 
may also be determined in the filtrate — in the absence of other acids — 
by I., 1 a or h <*r c, after the complete removal of the sulphuretted 
hydrogen by transmitting carbonic acid through the fluid. 

a From (h^whole of the Fixed Bases. . 

a capacious platinuih di$h, and digested with a sufficient quantity of 
hydrofluoric acid (which leaves no residue when evaporated in a 
P^e concentrated sulphuric acid is then gradually 
a ded, drop by drop, and the mixture heated, gently at first, then more 
s rongly, un tii the excess of the sulphuric acid is completely expelled. 
n us operation the boracic acid goes off in the form of fluoride of 
or°n (BO g 4* 3HF = BF a + 3HO). The residue contains the bases in 
m VT su lphites; the bases are determined by the appropriate 

I fc e . °J? S > an d the quantity of the boracic acid is found by difference, 
sulph ,C ° UI ? e ta h en granted that the substance is decomposable by 


the cannot be separate# completely from alumina by precipitation of 

amtimn^°/ C ii 0ri0 ac ^d solution with Sulphide of ammonium or with carbonate of 
m ° ma (WCHLEftV Ann. a. Cham; it titV 
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3. Oxalic Acid. 

I. Determination, 

Oxalic acid is either precipitated as oxalate of lime, and the latter 
determined as carbonate of lime, lime , or sulphate of lime ; or the amount 
contained in a. compound is inferred from the quantity of solution of 
permanganate of potassa required to effect its conversion into carbonic 
acid y or from the quantity of gold which it reduces ; or from tlio 
, amount of carbonic acid which it yields upon accession of 1 eq. oxygen. 

' 0 

a. Determination as Carbonate of Lime, dec. 

Precipitate with solution of acetate of lime, added in moderate excess, 
and treat the precipitated oxalate of lime as directed in § 103. If this 
method is to yield accurate results, the solution must be neutral or 
slightly acid with acetic acid ; it must not contain alumina, sesqui- 
oxide of chromium, or oxides of the heavy metals, more especially ses- 
quioxide of iron or oxide of copper ; therefore, where these conditions 
do not exist, they must first be supplied. 

1 . Determination by means of Solution of Permanganate of Potassa. 

Standardize the solution of permanganate of potassa, as directed 
§112,2 a, cc, by means of oxalic acid; then dissolve the substance 
in about 150 c.c. water, or acid and water (sulphuric acid is the best 
acid to use) ; add, if necessary, a further quantity of sulphuric acid, 
(about 6 or 8 c.c. strong sulphuric acid should be. present), heat to 
about 6o°, and then run in the permanganate, with constant stirring, 
until the fluid just shows a red tint. Knowing the quantity of oxalic 
acid which 100 c.c. of the standard permanganate will oxidize, a simple 
calculation will give the quantity of oxalic acid corresponding to tbo 
c.c. of permanganate used in the experiment. The results are very 
accurate. 

c. Determination from the reduced Gold (H. Rose). 

a. In compounds soluble in water. Add to the solution of the oxalic 
acid or the oxalate a solution of sodio-terchloride, or ammonio-ter- 
. chloride of gold, and digest for some time at a temperature near ebulli- 
tion, with exclusion of direct sunlight. Collect the precipitated gold on 
a’filter, wash, dry, ignite, and weigh. 1 eq. gold (19671) corresponds 
to 3 eq. 0,0,(3x36=108). 

/ 3 . In compounds insoluble in water, Dissolve in tile least possible 
amount of hydrochloric acid, dilute with a very large quantity of water, 
in a capacious flask, cleaned previously with solution of soda ; add solu- 
tion of gplU^excess, boil the mixture some time, let the gold subside; 
taking (^■^■^Elude sunlight, and proceed as in o« 

d. Determination as Carbcmic Add, 

This may be effected either) \ . 

a. By the method of organic analysis ; or .1 

By mixing the oxalic acid or oxalate with finely pulverize 
binoxide of manganese in excess, and adding sulphuric acid to tn 
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mixture in an apparatus so constructed that the disengaged carbonic acid 
passes off perfectly dry. The theory of this method may be illustrated 
by the following equation : C a 0 8 + MnO a + S0 3 = MnO,SO s + 2 CO . For 
each 1 eq. oxalic acid we obtain accordingly 2 eq. carbonic acid For 
the apparatus and process, I refer to the chapter on the examination of 
manganese ores, in the Special Part of this work. Here I may remark 
that free oxalic acid must first be prepared for the process by slight 
supersaturation with alkali free from carbonic acid, and also that 9 
parts of anhydrous oxalic acid require theoretically 1 1 parts of (pure) 
binoxide of manganese. Since an excess of the latter substance does 
not interfere with the accuracy of the results, it is easy to find the 
amount to be added. The binoxide of manganese need not be pure, but 
it must contain no carbonate. This method is expeditious, and gives 
very accurate results, if the process is conducted in an apparatus suffi- 
ciently light to admit of the use of a delicate balance. Instead of 
binoxide of manganese, chromate of potassa may be used (compare 
§ 130, 1 d ), and instead of estimating the carbonic acid by loss it may 
be collected in a weighed soda-lime tube (§ 139, e) ; the latter method 
is always to be preferred in the case of small quantities. 


II. Separation of Oxalic Acid from the Bases, 

The most convenient way of analysing oxalates is, in all cases, to 
determine in one portion, the acid, by one of the methods given in I., 
in another portion, the base, particularly as the latter object may be 
generally effected by simple ignition in the air, which reduces the salt 
either to the metallic state ( e.g ., oxalate of silver), or to pure oxide (e.g., 
oxalate of lead), or to carbonate (e.g., the oxalates of the alkalies and 
alkaline earths). In many cases, especially where the base is reduced 
by carbonic oxide .and where the corresponding carbonate does not give 
up its carbonic acid at all on ignition or only with difficulty, it is better 
to fuse with vitrified borax (compare § 139,11., c). The increase of 
weight in the platinum, crucible containing the borax after fusion cor- 
responds to the amount of base present ; the loss of weight corresponds 
to the oxalic acid, or, as the case may be, to the oxalic acid and 
water. 

If acid and base have to be determined in one and the same portion 
0 oxalate, the following methods may be resorted to : 

«■ The oxalic acid is determined by I., c, and the gold separated 
rom the bases in the filtrate by the methods given in Section V. 

many soluble salts the oxalic acid may be determined by the 
!•> « ; separating the bases afterwards from the excess of the 
1 of tone by the methods given in Section V. 

c - Many oxalates whose bases are precipitated by carbonate of 
P° assa or carbonate of soda, and are insoluble in an excess of the 
Precipitant, may be decomposed by boiling with an excess of solution of 
for ° U i lte P^ssa or carbonate of soda, oxide or carbonate being 
, on the one, and alkaline oxalate on the other side. 
g j All salts of oxahe acid with the oxides of the fourth, fifth, and 
piiid ^ 0U P S » m ay be decomposed with sulphuretted hydrogen, or sul- 
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4. HYDE0FLU6BJ0 i.cn). 

I. Determination . 

Free hydrofluoric acid in aqueouS Bomtion* 13 determined either 
with itAndard alkali or as fluorifo of calcium. In the latter case car- 
bon*te: ibf ' added in moderate excess, then the solution hein* 
boilei^ chlity^g of calcium is added as long as a precipitate continues 
to ^wSK the precipitate, which consists of fluoride of calcium and 
carbonate Of lime, has subsided, it is washed, first by decantation, 
aft^r^rards onthe filter, and dried ; when dry, it is ignited in a platinum 
crucible{§ 53) ; water is then poured over it, in a platinum or porcelain 
dish, acetic acid added in slight excess, the mixture evaporated to dry- 
Ife88 on the water-bath, and heated on the latter until all odor of acetic 
acid disappears. The residue, which consists of fluoride of calcium ami 
acetate of lime, is heated with water, the fluoride of calcium filtered off, 
washed, dried, ignited (§ 53), and weighed. As a control of the purity 
of the fluoride of calcium it is well to convert it after weighing into 
sulphate. If the precipitate of fluoride of calcium and carbonate of lime 
were treated with acetic acid, without previous ignition, the washing 
of the fluoride would prove a difficult operation. Presence of nitric or 
hydrochloric acid in the aqueous solution of the hydrofluoric acid does 
not interfere with the process (H. Rose). 


II. Separation of Fluorine from the Metals . 

I. Fluorides Soluble in Water. 

If the solutions have an acid reaction, carbonate of soda is added in 
-excess. If there is an odor of ammonia now, heat till the latter is 
expelled. If the carbonate of soda produces no precipitate, the fluorine 
is determined by the method given in I., and the in the filtrate 
are separated from the excess of lime, and from the soda, by the methods 
given in Section V . But if the carbonate of soda produces a precipitate, 
the mixture is heated to boiling, then filtered, r^ad. the fluorine deter- 
mined in the filtrate by the method given in. '$• |i$be base is in the 
residue, which must, however, first be tested, tq make sure that it 
contains no fluorine. Neutral solutions are mixed with a sufficient 
quantity of chloride of calcium, and the mixture heated to boiling, in a 
platinum dish or, but less appropriately, in a porcelain dish ; the pre- 
cipitate of fluoride of calcium is allowed to subside, thoroughly washed 
with hot water by decantation, transferred to the filter, dried, ignited, 
and weighed. The bases in the filtrate are then separated from the 
excess of the salt of lime by the usual methods. That the bases may he 
determined also in separate portiohs by the methods given in b, nee ( 
ated. 

Fluorides. v 

imposition by Sulphuric A,cid {Indirect JSstimation oj 




* In analysing fluorides yM must axwm avoid Dnnging acm eim***; — 
tact with glass or porcelain. If platinttto w silver dishes bt sufficient size 
at hand yon may sometimes use gutta-percha vessels, or glass vessels eoutei 
wax or paraffin. 


substance is heated for some 

» avoid bringing acid solutions n\c°" 
size ar- u , 
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time with pure concentrated sulphuric acid, and finally ignited until 
the free sulphuric aci^is, completely expelled. In the presence of 
alkalies carbonate of ammonia must be added during the ignition. 
The residuary sulphate is weighed, and the metal contained in it 
calculated ; the fluonnfc lil estimated by loss. In cases where we hav e 
to deal with a metal Whose sulphate gives off part of the sulphuric acid 
upon ignition, Where the residue contains several metals, it is neces- 
sary to subject' the residue to analysis before this calculation can be 
made. In the "case of many compounds, for instance of fluoride of 
aluminium (which after ignition requires prolonged heating with sul- 
phuric acid for its decomposition), long continued strong ignition does 
not leave the Sulphate, but the base in a pure state. Topaz (a silicate 
of alumina in isomorphous mixture with silicofluoride of aluminium) is 
not decomposed by boiling sulphuric acid, but it is decomposed by 
fusion with bisulphate of potassa. 

0. Hydrated Fluorides. 

A sample of the substance is heated in a tube. 

aa. The Water excelled does not redden Litmus Paper . The water is 
determined by ignition ; tho fluorine and metal as directed in a, a, 

bh. The Water expelled has an acid reaction , The substance is treated 
with sulphuric acid as directed in a , a, to determine the metal on the 
one hand, and the water + fluorine on the other. Another weighed 
portion is then mixed, in a small retort, with about 6 parts of recently 
ignited oxide of lead ; the mixture is covered with a layer of oxide of 
lead, the retort /weighed, and the water expelled by the application of 
heat, increas^ /jifradually to redness. No hydrofluoric acid escapes 
in this procegjj^The weight of the expelled water is inferred from 
the loss. Tfl^Okt Operation having given us the water + fluorine, 
and the sc^MHphe water alone, the difference is consequently the 
fluorine. 

b. by Fusion with Alkaline Carbonates. 

Many fluorides, fluoride of aluminium for instance, may be 

completely dflg M[ |posed by fusion with alkaline carbonate alone, others, 
such as flubt^^p calcium, require the addition of silicic acid. In the 
nrst case thOTObrine is estimated in the aqueous solution of the fusion 
according to l., in the latter according to § 166, 5. The temperature 
must not be too high, or some alkaline fluoride may be lost. 

3* Fluorides completely Decomposable by Sulphuric Acid . 

As might be inferred from 2, almost all fluorides are decomposed 
b y heating with sulphuric acid with evolution of hydrofluoric acid. If 
yuiea or a silicate is added to the fluoride in sufficient quantity, fluoride 
S, sl hcon and water escape instead of hydrofluoric acid : SiO a + 2lIF ~ Si 
2 + 2HO. On this reaction two methods of estimating fluorine are 
,^ e d. In the first, which I ; published some years ago,* the fluoride of 
®mcon is determined by the incre^e in weight of absorption tubes; 
ms I believe to be in many cases t h only method which is applicable, 
*md when carefully carried outHfeyialcfe the most accurate results. In 
. 8e cond method the fluoride|$f^'e|licop ft determined by the loss of 
Wei ght of the evolution apparai® qi* of glass. 

* Zeitsclir. f. anal. Chetfi. 5, 19a 
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a. Estimation by Absorption of the evolved Fluoride of Silicon . 

The method as here given is the result of a long series of experi- 
ments ; the conditions laid down must be most carefully attended to 
The fluoride must be in the finest powder. As silicic acid we use 
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cid The gasometer must be filled with clean air, and not with air 
the laboratory, for any dust of organic matter, traces of coal gas, 

' would interfere with the accuracy of the result. The apparatus 
1 uired is shown fig. 87. A contains atmospheric air, b is half filled 
with sulphuric acid, 0 contains soda-lime with plugs of wool, d pieces 
of glass moistened with sulphuric acid. The air is thus freed from 
carbonic acid and suspended matter, and dried by sulphuric acid 
{ ‘ c 7 ) e is the decomposing flask, it has a capacity of about 250 c.c, 
/is half filled with sulphuric acid, its cork, which should not fit air- 
tight bears a thermometer whose bulb dips into the acid, e and / 
should be so placed on the iron plate that the temperature in both may 
be equal, g is empty ; h contains fused chloride of calcium in the first 
limb and pumice impregnated with anhydrous sulphate of copper in 
the second These TJ-tubes serve to retain the small amount of sul- 
phuric acid, and the hydrochloric acid which may accompany it. The- 
chloride of calcium and the sulphate of copper must both be anhydrous, 
or they will decompose and retain fluoride of silicon, i, k, and l are 
the weighed absorption tubes : they are 10 or 12 cm. high, and about 
1 - mm. wide, i contains in the first limb pumice moistened with water 
between plugs of wool, in the bend and half of the second limb soda- 
lime, in the upper half of the second limb fused chloride of calcium 
between plugs of wool. The tube after being charged weighs about 40 
or 50 grm. k completes the absorption ; it is filled half with soda-lime- 
and half with fused chloride of calcium. I takes up again the sma 
amount of water carried away from i and k; the bend is filled with 
pieces of glass moistened with sulphuric acid. These absorption tubes, 
retain the fluoride of silicon, the carbonic acid which may be possibly 
evolved from the soda-lime by liydrofluosilicic acid, and the aqueous 
vapor; and the air escapes through the unweighed guard tube mm o 
the atmosphere. The latter contains in the first limb chloride of calcium, 
in the second soda-lime. The flexible connexions should not be long,, 


and should be washed and dried before use. 

When the apparatus has been, tested and found air-tight place the- 
weighed and very finely divided substance in e. The substance should 
he free from carbonic acid(§ 166, 8), and the quantity taken shou c 
give not less than *1 grin, fluoride of silicon if possible. Add for every 
part of fluoride supposed to be present 10 or .15 parts of finely powdered 
quartz (previously strongly ignited in the air), and then 4 ° or 5 ° 
pure concentrated sulphuric acid. Connect e, on the one hand, wi r 
and, on the other, with g , and pass a moderate current of air, w nc 
should enter the fluid in the decomposing flask from the bottom. 
Heat the iron plate, shake e frequently and raise the temperature very 
gradually, till tfie thermometer in / indicates 150° to 160 . ibe com- 
mencement of the decomposition shows itself not only by © PP 
»ce of bubbles of gas in the fluid, more particularly at the edge, out 
by the separation of hydrated silica in i. The bubb es of g* jntt 


disappear < 


r cumea smea xu ~ — ; - « „ 

uid : as soon as they cease to form again 


on snamng tne nuia : as soon a* ~ . 

remove the lamp; the time usually occupied in the decomposition 
cue hour for small quantities of fluoride <-i grm.),two or three houw- 
for birge quantities^! grm.) After a while shut off 

the weighed tubes i k, and l, and during the weighing : o fth«* 
«oanect h with m by means of a glass tube. After weighing replace i. 
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k t and l, heat again to 150 or 160 0 , and pass the air again for half an 
hour or an hour, weighing i, k, and l again, If any alteration of weight 
has occurred, the process must be continued. < 

The increase in weight of the absorption tubes, after deducting 
“001 grm. for every hour during which the air has been passing fa f 
for every & litres of air) represents the amount of fluoride of silicon. 
The small correction is necessary because air, even when it comes in 
•contact bnly ’'with short washed pieces of india-rubber, always gives 
traces of sulphurous and carbonic acid when passed through hot con- 
centrated sulphuric acid. The results thus obtained are very satis- 
factory, and differ from the truth at the most by a few milligrammes. 

hi Other methods of Estimating the Fluoride of Silicon expelled . 
a. Method of Wohler. Only applicable when the substance is 
readily decomposed by sulphuric acid, and the amount of fluorine is 
large. Transfer the very finely divided substance, if necessary, inti- 
mately mixed with 10 or 15 parts of ignited quartz powder to a small 
flask, add pure sulphuric acid, close quickly with a cork fitted with a 
small tube filled with fused chloride of calcium (or better still, half with 
fused chloride of calcium and half with anhydrous sulphate of copper on 
pumice), weigh the whole apparatus as quickly as possible, warm it till 
no more fumes of fluoride of silicon escape, remove the last particles of 
gas in the apparatus by an air pump, allow to cool, and weigh. The 
loss of weight indicates the amount of fluoride of silicon. 

0. Regarding the methods of F. v. Kobell* and Zalesky,+ 
depending on the loss of weight of Bohemian glass of known com- 
position, I must remark that no direct proofs have been given of their 
accuracy. 

Fourth Division of the First Group of the Acids, 

Carbonic Acid— Silicic Acid. 

§139- 

1. Carbonic Acn>. 


I. Determination . 

In a mixture of Gases. 

Allah thoroughly drying the gases with a ball of chloride of calcium, 
or saturating with moisture (§ 16), measure them accurately + m ' l 
graduated tube over mercury, insert a.ball of hydrate of potassa,+ ens 


on a platinum 
the tube f o^| 


p in a pistol b»llet-mould, take care*that the end 0 
Remains under the surface of the mercury, leaver 


fours, or until the volume of the gas ceases 


S to show' 


further diminution ; withdraw the ball, afid measure the gas remaimjv 
re-insert the same or a fresh ball of potassa, and repeat till no f urt 
absorption takes place. The carbonic acid gas is inferred from ^ 
difference, provided; the gaseo^ mlxture contained no other g as * a ftC . 
to absorption by ; §§ 12-16 and 198), Iu ve * 

• Journ. f. prakt. f Zeltschr. f. anal. $*em. .5* w itb 

t The ordinavy hydrate is not adapted for the purpose. It should be IUS 
a quarter of its weight of water in a platinum crucible. 
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curate analyses you must bear in mind that carbonic acid does not 
exactly follow the law of Mariotte (§ 198, / 3 ). 

If the amount of carbonic acid is very small, this process does not 
yield sufficiently accurate results. In such cases one of the methods 
recommended in“ The Analysis of Atmospheric Air” should be employed. 
Several kinds of Special apparatus are in use for the estimation of 
carbonic acid In- coal gas and' for the purposes of sugar works. I may 
mention those 'proposed by F. Rudorff* and Lehmann and H. 
AVAHLERTf for; the first purpose, and by C. Sciieibler£ and C. 
Stammer§ for the second. Besides these volumetric methods the 
gravimetric processes given myself for the analysis of gaseous mix- 
tures!) may often be used with great advantage. These will be found in 
the Special Part. 

b. In Aqueous Solution . 

a. With Hydrate of Lime. 

Into a flask, holding about 300 c.c., put 2*5 to 3 grin, hydrate of 
lime perfectly free from carbonate.^ If you cannot get any lime pure 
enough, determine the carbonic in it according to II., e, weigh the 
quantity taken, and deduct the carbonic acid in it from the result. 
Provide the flask with a good india-rubber stopper, tare or weigh 
exactly, add the carbonic acid water with gentle agitation till the flask 
is two-thirds dr four-quarters full, and close at once. 

In addipg the carbonic acid water 
every care must of course be taken to d 

guard against loss of carbonic acid. If 
the water flows from a pipe, it is 
allowed simply to run in. If it is in a j» 

a jug or bottle, cool it to 4 0 , and trans- jH h 

fer the quantity required with a sy- || 3 F C 

phon.** If the water is in a basin or ||||| 

well, provide the flask with an arrange- Ir'lj 

Bient like that shown in fig. 88, dip- l lm 

ping the flask into the water, till the 
upper opening of a b is under the sur- mt . ■ 

fiice. As the water' enters through 
this tube, and its carbonic acid imme- 
diately combines with the lime, . the 

air scapes by 0 d. Water, which is il 

not very rich in free carbonic acid 

jnay be removed from the basin or well 

b y a plunging-syphon. # Fig. 88. 

Now weigh the flask with its stop- . 

a gain, and you will find the quantity of water taken. No way 01 

rtlnr, V *■ . - 'M. . * . * . . • 11 


measuring^e water is -m accurate in retaining all the carbonic acid 
a nd in giving the quantity of water taken. 

* Pom Annal. 125, 71. ; ^v' ; t Zeitschr. f. anal Chem. 7, 58. 

I bingler’s polyt. Journal #** 102 f 
«t m, . . II Zwtachr.'felp&phera. 3 , 343; x . . A 


tll J This i 8 prepared wi& water in 

W , the hydrate obtained appeals dry and pulverulent. It is preserved m small 
ttleg, the corks or ktoiiDers of which are co vered with sealing wax* _ t 
• ** If the water is poured directly from the jug into the flask, carbonic acid gas 
ei y likely to get into the latter as well as the water. 
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If there is much interval between the mixing of the water and the 
lime and the estimation of the carbonic acid in the precipitate the 
carbonate of lime which is at first amorphous passes spontaneously into 
the crystalline condition ; but if the carbonic acid is to be determined 
soon after the mixing, heat for some time on the water bath, raising the 
stopper occasionally, in order to hasten the change of the carbonate of 
lime. Now, without disturbing the precipitate, filter the clear fluid 
through a small plaited filter, which will take a very short time, throw 
the filter at once into the flask containing the precipitate and the rest 
of the fluid, and proceed according to II., e. This process has been in 
use for io years in my laboratory for all' inineral water analyses ; it is 
extremely simple, and gives excellent results.* If the water contains 
alkaline bicarbonate put a quantity of chloride of calcium sufficient to 
decompose the alkaline carbonate with the lime in the flask before add- 
ing the water. 


j3. With Chloride of Barium or Chloride of Calcium and 
Ammonia. 

Mix solution of chloride of barium or chloride of calciumf with 
excess of ammonia, boil for a short time, when a precipitate of carbonate 
of baryta or lime will usually fall, allow to deposit, and filter the clear 
fluid while still warm without delay, exposing to the air as little as 
possible. Transfer from 50 to 80 c.c. of this solution, freshly prepared, 
to a flask holding about 300 c.c., and close the latter with an india- 
rubber stopper. For adding the carbonic acid water one of the methods 
given in a is employed. If the water contains only free carbonic 
acid, the mixture remains clear at first, carbamate of ammonia 

(NH 4 0 ,C I ^ N CO a ), being formed, but if it contains a carbonate 

also, a partial precipitation of carbonate of baryta or lime takes place 
immediately. As the carbamate of ammonia is but slowly converted by 
the action of water in the cold,i particularly in the presence of free 
ammonia, § the fluid must be heated in order to precipitate all the 
carbonic acid in the form of alkaline earthy carbonate. From experi- 
ments of my own 1 1 I have come to the conclusion that the best way of 
applying heat is to place the flask in a tall vessel filled with water, 
keeping it down if necessary with a lead ring, and to boil the water. 
The contents of the flask will thus reach a temperature of 98°, and the 
precipitation will be complete in one and a half or two hours. A lower 
heat would require a much longer time, and active ebullition would 
occasion the loss of carbonate of ammonia in consequence pf the action 
of chloride of ammonium upon alkaline earthy carbonate. Finally allow 
to cool and proceed according to one of the following methods : — 

aa. Gravimetrically : Decant the supernatant fluid rapidly on to a 
filter, secluded as much as possible from access of air ; fill the flash 
with water contaAing a few drops of ammonia free from carbonic acid, 
and insert t&Mffk ; shake, allow to deposit, decant again, and repeat 
this washingo^ecantation once more ; transfer the precipitate now to 
the filter, wash until the last washings remain clear upon addition 01 


• Zeitschr. f.; anal. Chem . 2, 49 and 341. 
i The former should be used if you are going to conduct the subsequent prow 
according to aa, the latter if you are going to proceed according to M. 

1 Zeitschr. f, anal. Chem. 5, 321. § Divers, Jottrn. Chem. Soc. (2), 0, 359 * 

U Zeitschr. f. anal. Cliem. 2, 5a 
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solution of nitrate of silver, dry, ignite gently, and weigh (§ ioi, 2, a). 
The amount of the carbonic acid may now be calculated from the weight 
of the carbonate of baryta, provided the analysed solution contained, 
besides carbonic acid, no other substance liable to be precipitated by 
ammonia and chloride of barium. But should this not be the case, and 
the precipitated carbonate of baryta contain an admixture of carbonate 
of lime, phosphate of baryta, sesquioxide of iron, or other such sub- 
stances, the carbonic acid must be determined in the gently ignited, but 
not weighed precipitate, according to one of the methods given in II. ; 
for instance, as directed in II., c (Fusion with borax glass). The filter, 
freed as completely as possible from adhering matter, should be incine- 
rated, and the ash moistened with carbonate of ammonia, gently ignited , 
and added to the precipitate. If the quantity of the precipitate is * 
very large, it is best first to weigh the whole of it, and then to deter- 
mine the carbonic acid in a weighed portion of the uniformly mixed 
powder. 

If the last particles of the precipitate cannot be removed from the 
flask by mechanical means, they are dissolved in a little dilute hydro- 
chloric acid (the glass having previously been thoroughly washed), the 
solution is precipitated with carbonate of soda, and the trifling precipi- 
tate formed filtered off on a separate small filter, which is incinerated 
with the larger one. 

bb. Volumetrically : Filter as aa ; there is no necessity, however, to 
collect the whole of the precipitate on the filtor, as the last particles 
adhering to the inside of the flask may be left And washed by decanta- 
tion. The washing with water containing a few drops of ammonia 
must be continued till the washings remain perfectly clear with silver 
solution. Put the funnel with the filter containing the precipitate on 
the flask in which the precipitation has been effected, pierce the point 
of the filter, and rinse the precipitate into the flask, with the aid of a 
washing bottle. Finally, spread the filter out on a glass plate and 
rinse the still adhering particles of the precipitate also into the flask — 
this can be done with ease. Since the precipitate, though perfectly 
washed, still retains small quantities of ammonia, in order to expel the 
same, heat the contents of the flask to gentle boiling for half an hour. 
Add now a little tincture of litmus, and then, from a Mohr’s burette, 
normal (or, according to circumstances, decinormal) nitric or hydro- 
chloric acid, until the fluid shows a distinct red color; expel the 
carbonic acid by heat, and then add standard solution of soda until the 
fluid just appears blue. After noting the number of c.c. of the acid 
and soda, add again about 1 c.c. of acid, and, after heating to boiling, 
solution of soda until the fluid again just appears blue. This operation 
may be repeated several times. By subtracting the volume of acid 
corresponding to the volume of solution of soda used in the process 
from the entire volume of acid added in each experiment, you find the 
quantity of acid which has served to expel from the carbonate of lime 
or baryta the carbonic acid, and is accordingly equivalent to the latter. 
•For the details of this method, see § 223. As the coloring matter, of 
the litmus is sometimes thrown down, along with silicic acid separating 
from the precipitate, it is occasionally found necessary to add again 
some tincture of litmus. If this should fail to lead to the desired result, 
solution of soda is added until the reaction is almost complete ; the 
height of the soda solution left in the burette is then read off, the fluid 
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diluted to a certain definite volume, and filtered ; one-half the volume 
taken of the clear filtrate and solution of soda very cautiously added 
until the fluid appears blue ; the quantity of soda solution required to 
effect this purpose is then doubled;* and the result added to the quantity 
first used. As a matter of course* tumeyippaper may be used here as 
in, ^Instead of litmus, to determine the commencement of the alkaline 
reac^n..]^,,; 

Tlmse methods given under j 3 , only yield good; results when the 
numerous, sources of error are avoided with the greatest care. Usually ‘ 
the results obtained are too high, because the clear mixture of chloride 
of calcium and ammonia contains carbamate of ammonia, either from 
this substance not having been fully decomposed before filtering or from 
carbonic acid being taken up from the air on filtering, and in bb , more 
particularly, a falsely increased result will be obtained, if it is neglected 
to ;remove the ammonia adhering to the precipitate by long boiling or 
ignition. These circumstances which tend to raise the result are par- 
tially compensated by the fact that the alkaline earthy carbonates are 
not absolutely insoluble in the fluid containing chloride of ammonium 
and in the wash-water. Again, as already remarked, if the mixture of 
the carbonic acid water with chloride of calcium or chloride of barium 
and ammonia be not heated as directed the results will fall too low, 
either through the imperfect decomposition of the Carbam$$e of ammonia 
by insufficient heating or through loss of carbonate of ammonia by 
active ebullition. 

y , After Pettenkofer.* 

The principle of this simple and expeditious process consists in 
mixing the carbonic acid water with a measured quantity of standard 
lime water (or, under certain circumstances, baryta water) in excess. 
After complete separation of the carbonate of lime or baryta, the excess 
of alkaline earth in the fluid is determined in an aliquot part by means 
of standard solution of oxalic acid ; the difference gives the lime precipi- 
tated by the carbonic acid, and consequently the amount of the latter 
present. 

If a water contains only free carbonic acid, the analyst has only to 
bear in mind— if lime-water is employed— that the carbonate of lime 
formed is at first, as long as it remains amorphous, very perceptibly 
soluble in water, to which it communicates an alkaline reaction. 
Hence the unprecipitated lime in the fluid cannot be estimated till the 
carbonate Of lime has separated in the crystalline form, which takes 
8 or io flours, unless the mixture is warmed to 70° or 8o°. On this 
account it is generally best to use baryta water (see “Analysis of Atmo- 
spheric Air”). • * 

If, on time contrary, a water contains an alkaline carbonate or any 
other altjljlie salt whose acid, would be precipitated by lime or baryta, 
a neutraKolution of chloride of calcium or barium must first be added 
to decompose the same. This addition, too, prevents any inconvenience 
arising from the presence of free alkali in the lime or baryta water, or 
of carbonate of magnesiainthe carbonic acid water ; this inconvenience 
consists in the fact bfafi^lkali or of 'magnesia enters into 

* Buchner’s neues Repert. xo, x j Journ. f. prakt. Chem. 82, 3a; Annal. d. 
Chem. u. Pharm. it, Supplement. x ; Zeitschr, f. anal. Chem. I, 92. 
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double decomposition with carbonate of lime (which is seldom entirely 
absent from the fluid to be analysed), forming oxalate of lime and car- 
bonate of the alkali or?of'magnesia, which latter will of course again 

take up oxalic acid*' . • 

In the presence ^ magnesia -salts in the carbonic acid water, in 
order to avbid^t^rpre^^tatioa of the magnesia, a little chloride of 
ammonium added, but in this case heat must not bo 

applied to induc^thp carbonate of lime to become more quickly crystal- 
line, as ammon&l&uld be thereby expelled. 

In making the ■ determination the first thing to be done is to 
ascertain the f elat&h' between the lime or baryta water and a standard 
solution of oxalid add; Pettenkofer makes the latter solution by 
dissolving 2’86$6 grm. pure uneffloresced dry crystallized oxalic acid 
to i litre; I e&.tf this is equivalent to i mgrm. carbonic acid. The 
lime water is standardized as follows : measure 45 c.c. into a little 
flask which can be closed by the thumb, and then run in from the ‘ 
burette the solution of' oxalic acid till the alkaline reaction has just 
vanished. During the operation the flask is closed with the thumb 
and gently shaken. The end is attained as soon as a drop taken out 
with a glass rod and applied to delicate turmeric paper* produces no 
brown ring. The first experiment is a rough one, the second should 
be exact. , \ 

The analysis of a carbonic acid water (a spring water, for instance) 
is performed by transferring 100 c.c. to a dry flask, adding 3 c.c. of a 
neutral and nearly saturated solution of chloride of calcium! or barium y 
and 2 c.c. of a saturated solution of chloride of ammonium, then 45 c.c. 
of the standard lime or baryta water ; close the flask with an india- 
rubber stopper, shake and allow to stand 12 hours. The fluid contents- 
of the flask measure consequently 150 c.c. From the clear fluidf take- 
out by means of a. pipette two portions of 50 c.c. each, and determine 
the free lime or baryta by means of oxalic acid, in the first portion 
approximately, in the second exactly. Multiply the c.c. used in the 
last experiment by 3 and deduct the product from the c.c. of oxalic acid 
which correspond to 45 c.c. of lime or baryta water. The difference 
shows the lime or baryta precipitated’ by carbonic acid, each c.c. cor- 
responds to 1 mgrm. carbonic acid. 

The method is convenient and good ; it is especially to be recom- 
mended for dilute carbonic acid water. When sulphate or carbonate of 
lime is present, as is almost always the case in spring water, you must 
always before titrating await . the conversion of the amorphous carbonate- 
°f Hrne to the crystalline state, even if baryta water is used (Knapp^). 
Baryta water therefore possesses no advantages over lime water for the 
Malysis of spring waters. 

* For the preparation of this bibulous paper should be used, the ash of which if* 
Jree from carbonate of lime. Swedish filtering-paper answers best. J. (Jottlieb- 
wourn. f. prakt. Chem. 107, 488 : Zeilsohr. f. anal. Chem. 9. 251) prefers aqueous 
tmcture of litmus, prepared from litmus first exhausted with spirit and used m a. 
Ver y dilute state. E. Schulze and M ARCHER (Zeitschr. f. anal. Chem. 9, 334V 
employ corallin or rosolic acid, which they aay is,jspecially adapted for the purpose, 
i . e alcoholic solution is cautiously neutr&lizedwifch potash, and a drop or two of 
th » .tincture is added. F. Schulze (ZeflSob. : t.' anal Chem. 9, 292) recommend* 
8 pmtuous tincture of turmeric. . 

I It is not admissible to use a filter (A. Miller, Zeitschr. f. anaL Chem. 1, 84} 

+ Annal. d. Chem. u. Pharm. 158, 112; Zeitschr. f. anal. Chem. 10, 361. 
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II. Separation of Carbonic Acid from the Bases , and its Estima- 
tion in Carbonates. 

a . Separation from Neutral Carbonates of Alkalies and the Alkaline 

Earths . 

If the salts contain unquestionably i eq. carbonic acid to i eq. 
base, and there is no other salt with power to neutralize an acid 
present, we may determine the quantity of the base by the alkali metric 
method (§§ 219, 220, 223), and calculate for each 1 eq. base 1 eq. car- 
bonic acid. 

b. Separation from Bases which upon ignition readily and completely 

yield their Carbonic Acid. 

Such are, for instance, the carbonates of zinc, cadmium, lead, copper, 
magnesia, &c. 

a. Anhydrous Carbonates. — Ignite the weighed substance, in a pla- 
tinum crucible (carbonates of cadmium and lead in a porcelain crucible), 
until the weight of the residue remains constant. The results are, of 
course, very accurate. Substances liable to absorb oxygen upon ignition 
in the air are ignited in a bulb-tube, through which a stream of dry 
carbonic acid gas is conducted. The carbonic acid is inferred from 
the loss. 

jS. Hydrated Carbonates . — The substance is ignited in a bulb-tube 
through which dried air or, in presence of oxidizable substances, car- 
bonic acid is transmitted, and which is connected with a chlorido of 
calcium tube, by means of a dry, close-fitting cork. During the ignition, 
the posterior end of the bulb-tube is, by means of a small lamp, kept 
sufficiently hot to prevent the condensation of water in it, care being 
taken, however, to guard against burning the cork. The loss of 
weight of the tube gives the amount of the waters the carbonic acid; 
the increase of weight gained by the chloride of calcium tube gives the 
amount of the water, and the difference accordingly that of the carbonic 
acid, A somewhat wide glass tube may also be put in the place of the 
bulb-tube, and the substance introduced into it in a little boat, which 
is weighed before and after the operation. 

c. Separation from all Bases , without exception , in Anhydrous Car- 

bonates. • 

Fuse vitrified borax in a weighed platinum crucible, allow to cool in 
the desiccator, weigh, then transfer the well-dried substance to the 
crucible and weigh again. The weights of both carbonate and borax 
are thus ascertained. They should be in about the proportion of 1 : 4- 
Heat is then applied, which is gradually increased to redness, ami 
maintained at this temperature until the contents of the crucible are in 
a state of calm fusion. The crucible is now allowed to cool, and 
weighed. The loss of weight is carbonic acid. The results are very 
accurate (SohapFGOTSCH). 

I must add that borax-glass, may be kept in a state of fusion at a 
red heat for | to J an hour without the occurrence of any* Volatilization, 
but that at a white heat (by igniting over the gas-bellows), even in ; l 
few minutes, it suffers a decided loss.* A few bubbles of carbonic 

C* Zeitschr, f. anaL Cliem. r, 65. 
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acid remaining in the fusing mass are without any influence on the 

^Instead of vitrified borax fused bichromate of potash may be used 
in the proportion of 5 to 1 of the carbonate (H. Rose*). The heat 
applied in this case mjtuft be low, and great caution must be used, or 
the bichromate will lose weight of itself ."j* The carbonic acid may be 
expelled from alkaline carbonates by strong ignition with ignited silica 
(II. IlosEi). 

d. Separation from all Bases without exception. (Estimation of the 
Acid from the loss of weight.) 

aa. Carbonates whose Bases form Soluble Salts with Sulphuric Acid. 

The process is conducted in the apparatus illustrated by fig. 89. 

The size of the flasks depends upon the capacity of the balance. 
B may be smaller than A. The tube a is closed at b with a little wax 
ball, or a small piece of india-rubber tube, stopped with half an inch of 
rod ; the other end of the tube a is open, as are also both ends of c and d. 
The flask B is nearly half filled with concentrated sulphuric acid, free 
from oxides of nitrogen and sulphurous acid. The tubes must fit air- 
tight in the corks, and the latter equally 

so in the flasks. The weighed substanco * I 

is put into A ; this flask is then filled 

about one-third with water, the cork pro- c d 

perly inserted, and the apparatus tared 

on tho balance. A few bubbles of air are "j jL 

now sucked out of d , by means of an india- Jw | 

rubber tube. This serves to rarefy the Of M 

air in A also, and causes the sulphuric ||| Kw 

acid in B to ascend in the tube c. The 1 I I || 

latter is watched for some time, to aseer- J}\ • i 1 

tain whether the column of sulphuric Jn 

acid in it remains stationary, which is a ff/ a mj/. a fj\|k 

proof that the apparatus is air-tight. Aiv few rUSH 

is then again sucked .out of d , which mN||Hk 

causes a portion of the sulphuric acid to 

flow over into A. The carbonate in the 

latter flask is decomposed by the sul- 

phuric acid, and the liberated carbonic acid, completely dried in its 
passage through the sulphuric acid in B , escapes through d. When 
the evolution of the gas slackens a fresh portion of sulphuric acid is 
JHade to pass over into A , by renewed suction through d ; the opera- 
tion being repeated until the whole of the carbonate is decomposed. 
A more vigorous suction is now applied, to make a largo amount of 
sulphuric acid pass over into A, whereby the contents of that flask are 
considerably heated ; when the evolution of gas bubbles has completely 
ceased, the stopper on a is opened, and suction applied to d, until the 
air sucked out tastes no longer of carbonic acid.§ When the apparatus 
18 quite cold it is replaced upon the balance, and the equilibrium 
v 

* Pogg. Annal 116, 131. * + Zeitschr. f. anal. Chem. 1, 183. 

« T X Pogg. Annal. n 6, 686. .... 

wltl , acc p r afce experiments, it is advisable to connect the end 6 of the tube a 

or 1 \ a c kloride °f calcium tube during the process of suction, and to use an aspirator 

ydranlic air-pump instead of the mouth. 

QUANT. VOL. I. Z 
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restored by additional weights. The sum of the weights so added 
indicates the amount of carbonic acid originally present in the 
substance. 

If the flasks A and B are selected oi small size, the apparatus may 
be so constructed that, together with the contents, it n$ed not Aveigit 
above 70 grammes, admitting thus of bpng weighed on a delicate 
balance.. The results obtained by the UJ3$. of this^ apparatus, first 
suggeifed by Will and myself, are very accurate, provided the quantity 
of the Carbonic acid be not too trifling. Various modifications of tin* 
apparatus have been proposed, principally in order to make it lighter. 
Comp^itf ihe note p. 340. 

If sulphites or sulphides are present, together with the carbonates, 
their injurious influence is best obviated by adding to the carbonat** 
solution Qf yellow chromate of potassa in more than sufficient quantity 
to effect their oxidation. If chlorides are present, ifl order to prevent 
the evolution of hydrochloric acid, add to the evolution flask a sufficient 
quantity of sulphate of silver in solution, or connect the exit tube*/ 
with a small prepared U-tube, which is, of course, fffst tared with the 
apparatus, and afterwards weighed with it. This U-tube is prepared 
in accordance with the happy proposal of StolbA— -by filling with 
fragments of pumice which have been boiled with an excess of con- 
centrated solution of sulphate of copper, till the air has been expelled, 
and then dried and heated to complete dehydration of *the copper salt. 
If the U-tube is only 8 cm. high and has a bore of I .Qm., it answers the 
purpose very well. The outer end is provided witha perforated cork 
and short glass tube. Wo apply suction to this by means of a flexible 
tube, instead of to d. 

bb. Carbonates whose Bases form Insoluble Salts with Sulphuric Acvh 

The analysis of such carbonates cannot well be effected by the 
method aa f as the insolublo sulphate formed (sulphate of lime, for 
instance) partially protects the yet undecomposed portion of the carbo- 
nate from decomposition. The apparatus is therefore modified as shown 

in fig. 9°. . . 

The alteration consists simply in the tube qb, which contains a buiu, 
and is drawn out to a fine point at the lower end. 

The process is conducted as follows : The weighed substance is p llt ; 
intq. together with water. The bulb-tube ab contains an amount ot 
dilu $0 nitric acid,* more than sufficient for the decomposition of the 
carbonate, which is prevented from flowing through the narrow aperture 
of the tube by the wax or india-rubber, stopper at b . The point of this 
tube leftist not at first dip into the water in A. The apparatus bavin? 
been ta^ d& $he balance, the tube a is carefully and cautiously move* 
down, u^J(& point nearly touches the bottom of A. The stopper at n 
is then Momentarily raised, so as to allow a small quantity of nit-ru 1 
acid to &>w the operation being repeated until the carbonate* 
completely^ dtMapaposed The contents of A are then heated to m* 
cipient ' boill3|M& : ^Mper f&bxfi&tive d, and the carbonic acid sticks 

out of ' The loss of weight is ascertain^ 

when the appai^t®^|;bmpletely ^ 6ooled. 

* In the presence of substances which decompose nitric acid, as for instance 
protoxide of iron, use hydrochloric acid of 10 per cent 
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B will be seen at a glance that a different construction may also be 
guen to the apparatus; that, for instance, the tube C may be con- 



Fi fr 90- Fig. 9... 

* clllorido of calcium tubc - « with a 
moistened with sulphu ™ 

a small tube, wbioh stands upright at first, h 

ons suspended from a thread, but is sub- 

apparatus, upset or „ d 

oae ed into the dilute acid in the flask ; also, T 

>f ,. ,e c 1 «>ng of a may be effected by means iJL ell* 

a cup, &CL ’Such modifications, if they are jfif W’ 

J toous, h fn very little or no influence on f l\\ /^V 

annar-oT^ °!.J^ results. Fig. 91 shows an f |i |^w 

Mohr US ^ 10<b ^ e< ^ this manner by Fa. I 1 91 1 I 

oneT,f f rv. aPParatUS P ro P osi6tI by Geisslee* is -111 ! 

sistsof t t emOStCOnv0nient ( fl ^9 2 )- Itcon - ‘ ° I I I B 

in7otL °, pa ^ A ° k ground |1 | 

md yet admV f A^’ 80 ^ t0 olos ° ail '- ti « ht . Il f 

; 1 ,c P«rnot of ^,. bom « , roadi, y amoved, for I II f 

>pen atT?u f fi , lng and em P t ymg A: b c is \ j# j 

W** f nds ’ and £ roun < 1 water-tight XMj ' II) | 

iroper’nlir 0 ^ 6nd (o) ; k “ kept in the °/|B 

»rk i P m, tl0 “ V moa > 13 of an easily movable Ifflwfir 

he anew % l,re , shows the construction of /$f f f I 1 m 

Z° thor respeots - ' Thp ; ^rk * ' # A III m • 

or k. Thfl ® b *’ 05 mus f the tubed in the m |l| 91 

p «ter add!/+ ei ^ 0d substance is put.iWo ' 4 . 1 IB '» 

>'Wni de i* 0the extent indicated, jgi ’ ™' 


ubstav.^ 1 . muicateci, ana tne 

' is now fiPM 6n t0 . wards the side of tli&flns£, v 
itricaci/ 1 *^ n ® arI y to the top with dilute 
; or hydrochloric acid of io per cent., 


* Joum. f. prakt. Chew. 60, 35. 
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with the aid of a pipette, after having previously turned tho cork i 
upwards, without raising b ; the cork is then again twisted down, 
and C inserted into A ; B is filled somewhat more than half with 
concentrated sulphuric acid, and b closed at the top with a little 
wax stopper, or a piece of india-rubber tube, with a small glass rod 
inserted in it. After taring the apparatus, the decomposition is effected 
by raising b a little, and thus causing add to pass from C into A. 
The carbonic acid escapes through h into the sulphuric acid, where it 
is dried ; it then leaves the apparatus through d. After the decom- 
position has been effected, A is cautiously heated to incipient boiling, 
the stopper on b opened, and the carbonic acid still remaining in the 
apparatus sucked out through d, by means of a small india-rubber tube. 
The apparatus is finally weighed when cold.* * * § 

If it is necessary to decompose the carbonate with hydrochloric 
acid, dry the escaping gas with pumice-stone saturated with anhydrous 
sulphate of copper which also retains hydrochloric acid as well as the 
moisture (StolbaI*). It is well to fill a light U-tube with this mate- 
rial. The size of the U-tube should depend on the size of the appa- 
ratus. It can be used as long as a third of its contents remains un- 
colored. 

It is often an advantage, for instance, in the case of pasty precipi- 
tates, to combine the estimation of the carbonic acid with that of the 
base according to II. a, by employing a measured quantity of standard 
acid for the decomposition. The point of the bulb-tube of the appa- 
ratus fig. 90, is closed with tallow, and the standard acid is then in- 1 
troduced into the bulb from a burette provided with a fine jet. 
The apparatus being weighed, the tallow is melted by a little heat 
(StolbaJ). 

e. From all Bases without exception ( Estimation of the Acid from tk 
increase of weight of an Absorption Apparatus.) 

This process, which was formerly but seldom employed, lias been 
much recommended by KolbeJ. I have done my best — making free w 
of all that has been done by G. J. Mulder, Stolba, and KonM-to 
put this process into the most practical form possible, and I have no* 
employed it for more than ten years, almost to the exclusion or a* 

• pthers. There are few methods equal to it in accuracy. 

The arrangement of the apparatus which I use at present is gi vcn 
in fig. 93. . 

A is the decomposing flask, it holds from 150 to 300 c.c., and i* 

* Other carbonic acid apparatus have been proposed by H. Rose, FritzschM 
Rogers (see H. Rose’s Handbuch der analyt. Chem. 6 Aufl. ii. 784) ; Voirt (Arn^ 
d. Chem. u. Pharm. 66 , 247) ; M. Schaffnkr (Annal. d. Chepi u. Pharm. a*o 3 J- 
WertHER (Modification of Geissler’s apparatus— Journ. f prakt. Chem. oi, 

J. D&Smith (Chem. Gaz. 1855, 201) ; A. Mayer (Journ. f. prakt. Chem. f> 7 > >> 
Th, Simmler (Journ. f. prakt. Chem. 71, 158); Al. Bauer (private communicw ■ 
P. Hart (Chem. Gaz. 18.59, * 74 ) ; C. D. Braun (Dtngler’s polyt. Journ. i 55 » ^ 
E. J. Reynolds (Chem. News, 1862, 143) ; Stolba (Zeitschr. f. aual. Chem- h i - 
TJllgren ( lb . 4.6); Johnson ( lb . 9, 90); Bunsen ( 76 . 10, 4 ° 3 ) al1 J l ° coll , 
Johnson fills the apparatus and saturates the acid with carbonic acid l* tor . jg 3 
mencing, and therefore does not remove the carbonic acjd from the appar-« 
the end. It need hardly be mentioned that in this case the atmospheric pr - 
and temperature must be the same during both weighings. 

+ Djngler’s polyt. Journ. 164, 128. , , 

t Journ. f. prakt. Chem. 97, 312 ; Zeitschr. f. anal. Chem. 5, 20S ana 0, w 

§ Annal. d. Chem, u. Pharm. 119,. 130. 
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closed by a doubly-perforated caoutchouc stopper ; bb\ is a doubly-bent 
tube, expanded at c to a bulb, it may be connected at will, either 
with the funnel e, or with the soda-lime tube /, which again is con- 
nected on the other side with the flask #, containing potash. The tube 
h is ground below obliquely. The U-tube i has a height of 17 cm. 



Fig. 93- 

an ^ a bore of 16 mm.; it contains chloride of calcium in the bend 
on, y* & and l are similar tubes ; the first contains chloride of calcium, 
the second sulphate of copper on pumice (p. 338). The four smaller 
twbes have a height of 11 cm. and a bore of 12 mm.; m contains 
chloride of calcium, n and 0 are each filled — the first five-sixths with 
cairsely granulated soda-lime (about 20 grm.), and the last one-sixth 
coarsely granulated chloride of calcium, p contains in the first 
UI> -b chloride o£ calcium, in the other soda-lime, i, h , /, and m serve 
0 the carbonic acid from aqueous vapor and hydrochloric acid ; 

!! a ?d 0 we weighed, their soda-lime takes up the carbonic acid, and 
ieir chloride of calcium prevents any evaporation of water from the 
a ter > which is heated by the absorption ; p guards n and 0 from any 
jjueous vapor, &c., which might penetrate from without. The corks 
? an( ^ 0 are coated with sealing-wax. The other tubes are c^psed 
Vaa caoutchouc stoppers, or corks coated with sealing-wax. The 
a Pparatus, once fitted up, lasts a long time ; it is only requisite, before 

alkal ^ chloride of calcium used in this apparatus should be entirely free from 
reaction. To prevent any alkalinity it is well to add a little chloride ol 
°aium to the solution before evaporating. 
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each experiment, to renew the chloride of calcium in i, and to refills 
and occasionally o. 

Having weighed the substance, transferred it to A , and added a 
little water, weigh n and o, connect the various parts of the apparatus 
join b and e, close d, and apply suction by inedns of the hydraulic air- 
pump or. an aspirator to the end of the flexible tube V; which is in 
conjunction vjith the IT-tube r, containing or Httle water, and also 
with p. The clip q is in the meantime opened,' u The passing of 
gas bubbles through the water in r will soon Cefe if the apparatus 
is quite air tight. Fill e with dilute hydrochloric acid (or occasionally 
nitric acid), and opening d with care allow a little to enteral. The 
evolution of carbonic acid will immediately commence, and its rate 
may be noted by the passage of the air bubbles through the water in 
r. When the evolution begins to slacken open d> and run a little more 
hydrochloric acid into A. If the amount of hydrochloric acid has been 
properly adjusted, the decomposition of the carbonate will be complete 
when the last of the hydrochloric acid has run from e into A. Now 
pass a little water through d to rinse e into A ; remove e, connect f 
withe?, and opening d cautiously draw a gentle Current of air con- 
tinuously through the apparatus; heating the contents of A to incipient 
ebullition. 

As soon as the carbonic acid gets to the soda-lime tubes, they be- 
come heated, and this progressive heating affords a good measure of 
the extent to which the soda-lime is saturated with carbonic acid. 
When the soda-lime tubes are quite cool, the principal quantity of the 
carbonic acid will have been absorbed, and if the air is passed for live 
or ten minutes longer, you may be certain that all, the carbonic acid 
is removed from A, i, Ic, ?, and m. But little water will arrive at i if the 
heating of A has been properly managed, and the chloride of calcium 
will not be quite deliquesced. 

When the experiment is finished, stop the suction at s f remove the 
tubes n and 0, and weigh them. The increase in their weight expresses 
the amount of carbonic acid in the substance. The results are so con- 
cordant and exact that they leave nothing to wish.* The bases are 
free from any impurity and completely dissolved in hydrochloric (or 
nitric) acid. 

For a second experiment charge i and n afresh. 0 need not be re- 
filled as a rule, but it is well to transpose it and n. 

it is preferred to decompose the carbonate in the dry way, this 
may t>e done by fusing the finely pulverized salt (alkaline carbonates 
need not be in a fine state of division) with six or nine times its amount 
of fused Bichromate of potash. In the fusion a piece o of combustion 
tube is .mfiad^telightly bent at the. middle, to hold the° mixture; it is 
connected, on .Vie side with the apparatus for purifying the air, on the 
other sid$ with a^hloride of calcium tul>e for drying the carbonic acid, 
soda-lime 'tnbes absorption, a guard tube, and an aspirator or 
hydraulic current of air being established, the 

combustion jfnhsf and the heat is removed, when the mass 

fuseT calmly. - is* kept up a little longer, and then 

the absorption welded. The method does not require any 


* Zeitlchr. f. anal O^em. 2, 49 and 341. 
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modification in the presence of sulphides, sulphites, Or hyposulphites 
(Peksoz*). v 

/. Separation from all Basts without exception ( Estimation of the 
Acid,. Expvti^ 0 l}tyfgtim, and Volumetric Analysis). 

If the ca^onicju^^ he, disengaged in the evolution apparatus xUen- 
tioned in e (which; If Consider the most suitable form), or in h similar 
one, we may, ofcoum determine the gas according to the methods 
given above for the estimation of free carbonic acid ; that is, we may 
collect it in a mixture of chloride of barium or chloride of calcium and 
ammonia, proceed ee directed I., b ft., finishing the analysis according to 
hb. But this method is far- more troublesome and slow than that 
detailed in e , and cannot be relied upon unless all the sources of error 
already pointed out are avoided. 

On the contrary, it is sometimes advantageous, especially in the 
estimation of very small quantities of carbonic acid, to receive the same 
in a known volume of standard baryta-water, and to complete the 
analysis according to Pettenkofer’s principle (I., b, y). As this 
method finds application in the analysis of air, I refer to this section,, 
merely remarking that Al. Muller, t E. Schulze, $ and P. Wagner§ 
have given special apparatus and rules for conducting the process in a. 
most satisfactory manner. 


Estimation by Measuring the Gas. 

a. After C. Scheibler.|| This process is applicable in the case of 
all salts which arOudecomposed by hydrochloric acid in the cold. It is 
distinguished for rapid and convenient execution and very satisfactory 
results, but it inquires a special apparatus. It is much employed to 
determine the carbonic of lime in bone-earth. 

The ingenious ^MRjtus employed is represented by fig. 94. A 
contains the carbonaSBfcbe decomposed. The decomposition is effected 
hy raising the bottle, pfeshown, and thus causing the hydrochloric acid 
in the gutta-percha tube S to run out. The glass stopper to A is well 
ground, and also greased ; is perforated through the middle and a, 
snort glass tube is cemented into the opening. The liberated carbonic 
ac id passes through this, the india-rubber tube r and a glass tube 
“ed i n to one of the perforations of the stopper of the bottle B, 
and finally enters the- bladder K, which is made of caoutchouc of the 
ickness of letter paper, and is connected air-tight with the glass tube 
communicating with A. Another hole in the stopper of B is closed 
rit a i C ^P and the middle hole is Connected with the glass tube a. The 
a er leads to the measuring apparatus. This consists of the graduated 
up 3 ? i tU ^ e * 5 ° c.c. capacity, and divided into J c.c.; it is con- 
0 ed, as shown in the figure, with the equally wide plain tube D. In 
si? ^ aoi ^ c ^ ouc stopper at the lower end of ' the latter there is a second 
" 01 1 glass tube, this is connected by means of the india-rubber tube 
and ^ w ^th a glass^ube,'which is cemented into the bottle E, 
Caches nearly to the bottom. A short glass tube, bearing the 


+ V read. 53, 239 ; Zeitschr.f. anal. Cham. 1, S3. 

I f - ana f. Cbetn. I, 47. J lb. 9, 290. .: : A § lb 9, 445 - 

KalwS . U ?S 211111 Ge brau ch des Apparates zur Bestimmung des kohlensauren 
Berlin Yg^ der &‘ lo chenkohle,&o., von Dr. 0 . Scheibler. Printed in manuscript, 
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flexible tube v is cemented into the second tubulure of the bottle E. 
This bottle is the reservoir of water ; if P is opened the water contained 



s^anc 


% 94 . 


in the tubes i/and C flows into E ; if you now blow into v, P being 
still q^fen, the water in E rises into the tubes. E is in the beginning 
Hied with distilled water through D. 

_ the parts of the apparatus, with the exception of the dec mp os ' 
ottle A, remain permanently connected?; it is therefore advisable 

S > the wooden stand by metal fastenings. The stand should 
hermometer. 


mg 1 

to fix then 
also carry ] 

Each exp v 0 - ^ 

with water. This fc done by blowing in at v, the stopper of A 
removed. As soon as the column of water stands a little above zero, 
close P, and then slightly opening it again, allow water to drop out « 
the object is attained. It is hardly necessary to mention f1 ' 


eriment is commenced by filling the tubes C and D to zero 
ti _r x j J being 


that the 
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blowing air into v and the handling of the clip require caution, for if 
the water were to pass through u into B, the whole apparatus would 
have to be taken to pieces and the water removed. While the tube C 
is tilling with water, the expelled air passes into B, and compresses the 
caoutchouc bladder. If this does not take place to a sufficient extent, 
blow cautiously into B at q, till the bladder is completely collapsed. 
In experiments that follow one upon another, the bladder always 
empties itself. Should it happen that the bladder is on any occasion 
empty, before the water in the tubes has reached zero, then the water 
in the tubes would not stand in equilibrium. In such case open q for a 
moment. The experiment should be made in a room in which the 
temperature is as constant as possible, and care should be taken that 
the apparatus is not exposed to the direct action of the sun, or the 
radiant heat of a stove, for sudden changes of temperature during the 
experiment would of course interfere with its accuracy. 

Put the very fine powdered substance into the perfectly dry de- 
composing glass A , fill the gutta-percha tube with io c.c. hydro- 
chloric acid of 1*12 sp. gr., place the tube cautiously in the decompos- 
ing glass, and then close the bottle with a well-tallowed stopper. 
Here the water will sink a little in C and rise in I ) ; open q for a 
moment, and the equilibrium will be restored. Now note the ther- 
mometer and barometer, hold the bottle with the right hand round the 
neck to avoid warming, raise it, incline it slightly so that the hydro- 
chloric acid may mix with the substance gradually, and at tne same 
time with the left han<J regulate P, so that the water in the two tubes 
may be kept at exactly the same height ; continue these operations 
without intermission till the level of the water in C does not change 
for a few seconds. Now bring the columns in C and D to exactly the 
same height, read off the height of the water and note whether the 
temperature has remained constant. If it has, the number of c.c. read 
off indicates the liberated carbonic acid ; but as a small quantity has 
been dissolved by the hydrochloric acid, it is necessary to make a 
correction. ScHEiBtER has determined the small amount of carbonic 
acid which remains dissolved in the io c.c. hydrochloric acid at the 
mean temperature, and he directs bo add 3*2 c.c. to the volume of the 
carbonic acid read off. L^tpjkthis volume is reduced to o°, 760 mm. 
and the dry condition (co Mm I? I q 8).* 1000 c.c. of carbonic acid at the 

normal temperature and p|||sure weigh 1*97146 grm. 

If you want to dispense with all corrections, you may begin each 
set of experiments by establishing the relation between the carbonic 
acid obtained in the process (t.e., the CO a actually yielded + 3*2 c.c.) 
and pure carbpnate of lime (a weighed quantity of finely pulverized and 
{ ned Iceland spar). This relation is of course dependent on the tem- 
perature and pressure prevailing on the particular day. Let us take 
ai * example. From *2737 grm. carbonate of lime, containing *120428 
? rni * carbonic acid, were obtained 63*8 c.c. (including the 3*2 c.c.), and 
m an analysis of dolomite, under the same circumstances, from *2371 
&u stance were obtained 57*3 c.c. (including the 3*2 c.c.). 

. • , mode of correction involves some uncertainty, as the amount of carbonic 
obtain 6 absorbed depends on the concentration of the saline solution 
warned, the quantity of air with which the carbonic acid is mixed, and the whole 
f carbonic acid evolved. Compare Sciieibler’s later directions and 
Zeitschr. f. anal. Chem. 3, 165. 


quantity ( 
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Now 63*8 : 57*3 *120428 x= *10816. Therefore -2371 g rni 

substance contains *10816 C0 2 , therefore the dolomite contains 45 62 
per cent, of carbonic acid. Rut this method of working cannot be 
expected to give correct results unless the saline solutions formed and 
the amounts of carbonic acid eyolved ai^e tolerably alike in the first 
experiment and in the analysis^ a - V * ' ' - • 

0. E. Dietrich* has devised a very convenient apparatus in which 
the evolved carbonic acid is measured over merpury; he also gives 
tables showing the weight of a c.c. of carbonic acid for pressures 
between 720 and 760 mm. and temperatures between io° and 25 0 , and 
the amount of carbonic acid absorbed by 5 c.c. hydrochloric acid 
of ir.125 sp.gr. for evolved quantities between 1 and 100 c.c. of gas. 
With the aid of this apparatus and these tables we may make estima- 
tions of carbonic acid with great rapidity and exactness, so that the 
method is particularly to be recommended for long series of experi- 
ments. 

y. G. RuMPFt describes a very simple apparatus which may be put 
together in the laboratory. However this method affords no advantage 
unless you have Rumpf’s tables, and as I have no room for these I must 
refer to the original memoir. $>• , 

6. To determine small quanties of carbonic acid }n minerals you 
may proceed as follows. Procure a graduated tube provided with a glass 
cock, grease the latter, and connecting it with an air-putap fill it with 
mercury? Fold the mineral in blotting paper and pass it up the tube, 
send up a measured quantity of hydrochloric acid by means of a pipette 
whose point is bent upwards, and then measure the evolved gas. Of 
course yon must take account of the gas absorbed by the hydrochloric 
acid. For the method of calculating the weight from the volume see 

§ 198. . 

§ MO* 

• 2. Silicic Acid. 

I. Determination. 

The direct estimation of silicic acid is^lmost invariably effected by 
converting the soluble modification of the "acid ihto the insoluble modifica- 
tion, by evaporating and completely drying; the insoluble modification 
is then, aftj(jy»moval of all foreign matteP, ignited strongly (over the 
bellows b^pP^e) and weighed. 

For the guidance of the student I would observe here that, to guard 
against mistakes, he should always test the purity of the weighed silkw 
acid. The methods of testing will be found below. ‘ 

If yott have free silicic acid in the state of hydrate, in an aqueous 
or acid sdlutioix free from other fixed bodies, simply evaporate the solu- 
tion in a platinum dish, ignite and weigh the residue. 

Respecting a volumetric estimation Of silicic acid (conversion into 
siliojftpride of potassiubi and acidimetric determination of the same, 
see^K, 5 ), to Stolba.$ 

* Cbem. 3, 162; 4, 141, and 5, 49. 

f lb. 6, 398. X lb. 4, 163. 
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II. Separation of Silicic Acid from the Bases. 

a. In all Compounds which are decomposed by Hydrochloric or Nitric 
Acid , on digestion in open vessels. 

To this class belong tlie silicates soluble in water, as well as many* 
of the insoluble silicatefiy^S, for instance, nearly all zeolites. Several 
minerals not decomposable of themselves by acids, become so by per- 
sistent ignition injagfcate of fine powder (F. Mohr*). If the ignition 
is too strong patttoj^s of alkali may be lost. 

The substance is very finely powdered, t dried at ioo°, and put into 
a platinum or porcelain dish (in the case of silicates whose solution 
might be attended with disengagement of chlorine, platinum cannot, bo 
used) ; a little water is theri added, and the powder mixed to a uniform 
paste. Moderately concentrated hydrochloric acid, or — if the substance 
contains lead or silver— nitric acid, is now added, and the mixture 
digested at a very gentle heat, with constant stirring, until the sub- 
stance is completely decomposed, in other terms until the glass rod ? 
which is rounded at the end, encounters no more gritty power, and the 
stirring proceeds smoothly without the least grating. 

The silicates of this class do not all comport themselves in the same 
manner in this process, but show some differences ; thus most of them 
form a bulky gelatinous mass, whilst in the case of others the silicic acid 
separates as a light pulverulent precipitate ; again, many of them are de- 
composed readily and rapidly, whilst others require protracted digestion. 

When the decomposition is effected, the mixture is evaporated to* 
dryness on the water-bath, and the residue heated, with frequent 
stirring, until all the small lumps have crumbled to pieces, and the 
whole mass is thoroughly dry, and until no more acid fumes escape. 
It is always the safest way to conduct the drying on the water-bath. 
Occasionally it is well to moisten the dry mass with water and evapo- 
mte again. In cases where it appears desirable to accelerate the desic- 
cation by the application of a stronger heat, an air-bath may be had 
recourse to; which may be constructed in a simple way, by suspending 
e dish containing the substance, with the aid of a wire, in a somewhat 
arger dish of silver or iron, in a manner to leave everywhere between 
he two dishes a small space of uniform width. Direct heating over 
h lamp is not advisable, as in the most strongly heated parts the 
Ki Kuc acid is liable to unite again with the separated bases to compounds 
' V no ^ decomposed^ or only imperfectly, by hydrochloric acid. 

When the mass is cold, it is brought to a state of semi-fluidity by 
loroughly, moistening it with hydrochloric acid; after which it is 
s ^ an( l for half an hour, then warmed on a water-bath,, 
fluted with t hot water, stirred, allowed to deposit, and the fluid de- 
^inted on to a filter ; the residuary silicic acid is again stirred with 
yarochtoric acid, warmed, diluted, and the fluid once more decanted ; 

\ er a repetition of the same operation, the precipitate also is 
jansf erred to the filter, thoroughly washed with hot water, well dried, 
ignited at last as strongly as possible, as directed in § 52 or in 
9 53- For the properties of the residue, see § 95 , 9 .. The results are 

x v- . * Zcitsehr. f. anal. Chem. 7 , 293. , 

aili ' . vjfy hft rd silicate* cannot be powdered io an agate mortar without taking up 
\ the ! e ma *t, therefore, be powdered in a steel mortar, sifted, and freed from 
paiMcles of steel with the magnet/ 
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accurate. The bases, which are in the filtrate as chlorides, are deter- 
mined by the methods given above. Deviations from the instructions 
here given are likely to entail loss of substance ; thus, for instance 
.if the mass is not thoroughly dried, a not inconsiderable portion of 
the silicic acid passes into the solution, whereas, if the instructions 
are strictly complied with, only traces of the acid are dissolved ; in 
accurate analyses, however, even such minute traces must not be 
neglected, but should be separated from the bases precipitated from the 
solution. The separation may as a rule be readily effected by dis- 
solving them, after ignition and weighing, in hydrochloric or sulphuric 
•acid, by long digestion in the heat, the traces of silicic acid being left 
undissolved. Sometimes it is better to fuse the metallic oxides with 
bisulphate of potash, or to reduce them to the metallic state by ignition 
in hydrogen, and then to treat with hydrochloric acid. Again, if the 
■silicic acid is not thoroughly dried previous to ignition, the aqueous 
vapor disengaged upon the rapid application of a strong heat may carry 
away particles of the light and loose silica. However, if a suction 
apparatus has been used, and the water has been removed as far as 
the apparatus will remove it, the precipitate may be ignited at once by 
the method given p. 85. But in this case the filter cannot usually be 
■completely incinerated. 

The silicic acid may be tested as follows. This testing must on no 
account be omitted if the silica has been separated in a pulverulent 
and not in a gelatinous form. Heat a portion on a water-bath with 
moderately concentrated solution of carbonate of soda for an hour in 
a platinum or silver dish ; with less advantage in a porcelain dish. 
Eggertz* recommends for ‘i grin, silicic acid 6 c.c, of a saturated solu- 
tion of carbonate of soda and 12 c.c. of water. Pure silica would dis- 
solve. If a residue remains, pour off the clear fluid and heat again 
with a small quantity of carbonate of soda. If a residue still remains, 
weigh the rest of the impure silica and treat it according to b } to estimate 
the amount of impurity. 

_ If you have pure hydrofluoric acid, you may also test the silicic 
•acid in a very easy manner, by treating.it with this acid and some 
sulphuric acid in a platinum dish ; upon the evaporation of the solu- 
tion, the silicic acid, if pure, will volatilize completely (as fluoride of 
silicon). If a residue remains, moisten this once more with hydro- 
fluoric acid, add a few drops of sulphuric acid, evaporate, and ignite ; 
the residue consists of the sulphates of the bases which were mixed 
with the silicic acid, as well as any titanic acid that was present 
(Berzelius). Fluoride of ammonium may be used instead of hydro- 
fluoric acid. 


b. Compounds which are not decomposed by Hydrochloric or Nitric 
Acid , on digestion in open vessels, 

a. Decomposition \/y Fusion with Alkaline Carbonate. 

Reduce the substance to an impalpable powder, by trituration and, 
if necessary, sifting (§ 25); transfer to a platinum crucible, and mix 
with about 4 times the ?' weight of pure anhydrous carbonate of soda or 
carbonate of safe and potassa, with the aid of a rounded glass rod, 
wipe the rod agsfcst a small portion of carbonate of soda cn a c;U ' 

# ZeiUchr. f. anal. Chem. 7, 502. 
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and transfer this also from the card to the crucible. Cover the latter 
well, and heat, according to size, over a gas- or spirit-lamp with 
double draught, or a blast gas-lamp; or insert in a Hessian crucible, 
compactly filled up with calcined magnesia, and heat in a charcoal fire. 

Apply at first a moderate heat for some time to make the mass 
simply agglutinate ; the carbonic acid will, in that case, escape from 
the porous mass with ease and unattended witfy, spirting. Increase the 
heat afterwards, finally to a very high degree, and terminate the 
operation only when the mass appears in a state of calm fusion, and 
gives no more bubbles. 

The platinum crucible in which the fusion is conducted must not 
be too small ; in fact, the mixture should only half fill it. The larger 
the crucible, the less risk of loss of substance. As it is of importance 
to watch the progress of the operation, the lid must be easily remov- 
able ; a concave cover, simply lying on the top, is therefore preferable 
to an overlapping lid. If the process is conducted over the spirit- or 
simple gas-lamp, the mixed carbonates of soda and potassa are pre- 
ferable to carbonate of soda, as they fuse much more readily than the 
latter. In heating over a lamp, the crucible should always be supported 
on a triangle of platinum wire, with the opening just sufficiently wido 
to allow the crucible to drop into it fully one-third, yet to retain it 
firmly, even with the wire at an intense red heat. When conducting 
the process over a spirit-lamp with double draught, or over a simple 
gas-lamp, it is also advisable, towards the end of the operation, when 
the heat is to be raised to the highest degree, to put a chimney over 
the crucible, with the lower border resting on the ends of the iron- 
triangle which supports the platinum triangle ; this chimney should be 
about 12 or 14 cm. high, and the upper opening measure about 4 cm. 
in diameter. The little clay chimneys recommended by 0 . L. Erd- 
mann are still more serviceable (fig. 20, p. 22, “ Qual. Anal.”) When 
the fusion is ended, the red-hot crucible is removed with tongs, and 
placed on a cold, thick, clean, iron plate, on which it will rapidly cool ; 
it is then generally easy to detach the fused cake in ono piece. 

The cake (or the crucible with its contents) is put into a beaker, from 
10 to 15 times the quantity of water poured over it, and heat applied 
for half an hour, then hydrochloric acid is gradually added, or, under 
certain circumstances, nitric acid ; the beaker is kept covered with a 
glass plate, or, which is much better, -with a large watch-glass or 
porcelain dish, perfectly clean outside, to prevent the loss of the drops 
of fluid which the escaping carbonic acid carries along with it ; the 
drops thus intercepted by the cover are afterwards rinsed into the beaker*. 
The crucible is also rinsed with water mixed with dilute acid, and the 
solution obtained added to the fluid in the beaker. 

. The solution is promoted by the application of a gentle heat, which 
18 continued for some time after this is effected to insure the com- 
plete expulsion of the carbonic acid ; since otherwise some loss of 
substance might be incurred, in the subsequent process of evapora- 
J l °n, by spirting caused by the escape of that gas. If in the process of 
treating the fused mass with hydrochloric acid, a saline powder sub- 
sides (chloride of sodium or chloride of potassium), this is a sign that 
tnore water is required. 

tl if decomposition of the mineral has succeeded to the full extent, 
the hydrochloric acid solution is either perfectly clear, or fight flakes 
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of silicic acid only float in it. But if a heavy powder subsides, which 
feels gritty under the glass rod, this consists of undecomposed mineral. 
The cause of such imperfect decomposition is generally to be ascribed 
to imperfect pulverization. In such casefi the undecomposed portion 
may be fused once more with carbonated alkali ; the better way, how- 
ever, is to repeat the process with a tresh portion of mineral more finely 
pulverized. Ijf i / 

The hydrochloric or nitric acid solution obtained is poured, together 
with the precipitate of silicic acid, which is usually floating in it, into 
a porcelain or, better, into a platinum dish, and treated as directed in 
II., a. That the fluid may not be too much diluted, the beaker should 
he r r&sed only once, or not at all, and the few remaining drops of solution 
dried in it ; the trifling residue* thus obtained is treated in the same 
was ''as the residue left in the evaporating basin. This is the method 
most commonly employed to effect the decomposition of silicates that 
are undecomposable by acids ; that it cannot be used to determine alka- 
lies in silicates is self-evident. 

0. Decomposition by means of Hydrofluoric Acid. 

da. By Aqueous Hydrofluoric Acid. 

The silicate should be finely pulverized, dried at ioa°, and occasion- 
ally ignited.* It is mixed, in a platinum dish, with rather concentrated, 
slightly fuming hydrofluoric acid, the acid being added gradually, and 
the mixture stirred with a thick platinum wire. The mixture, which 
has the consistence of a thin paste, is digested some time on a water- 
bath at a gentle heat, and pure concentrated sulphuric acid, diluted 
with an equal quantity of water, is then added, drop by drop, in more 
than sufficient quantity to convert all the bases present into Sulphates. 
The mixture is now evaporated on the water-bath, during wh^f opera- 
tion fluoride of silicon gas and hydrofluoric acid gas aro continually 
volatilizing ; then it is finally exposed to a stronger heat ajf some 
height above the lamp, until the excess of sulphuric acid is ajjflost com- 
pletely expelled. The mass, when cold, is thoroughly moistened with 
•concentrated hydrochloric acid, and allowed to stand rest for one 
hour; water is then added, and a gentle heat applied. If the decom- 
position has fully succeeded, the whole must dissolve/ to a clear fluid. 
If an undissolved residue is left, the mixture is heated for some time on 
the watetf-batb, then allowed to deposit, the clear supernatant fluid 
decanted far as practicable, the residue dried, and then treated again, 
with' hydrofluoric acid and sulphuric acid, and, lastly, with hydrochloric 
acid, which Will now effect complete solution, provided the analysed 
substance was very finely pulverized, find free from baryta, strontia 
{and lead), the solution is added to the first. The bases m the solu- 
tion (which contains them as sulphates, and contains also freo hydro- 
chloric acid),are determined by the methods which will be found in 
-Section Y. V- / ’ _ ■ • 

This method* Which is certainly one of the best to effect the decom- 
position of silicates, was proposed by Berzelius. It has been but 
little used hitkeftq, beeau|e ; we did not know how to prepare hydro- 
fluoric acid, exc^t^^rihe aid of a distilling apparatus of platinum, 

* J|any minerals are muchpaore readily decomposed by hydrofluoric acid also, if 
they ate previously ignited ini a state of fine division (Hermann, Rammelsbeiwi 
F fciMoiut, Zeitschr. f. anal. Cliena. 7, 291). 
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or, at least, with a platinum head; nor to keep it, except in platinum 
vessels. These difficulties can now be considered as overcome comp 
§ 58, 2. Never omit testing the acid before using it. ’ ^ 

The hydrofluoric acid may also be employed in ’ combination with 
hydrochloric acid; thus Igrm. of finely elutriated felspar, mixed with 
40 c.c. water, 7^c.c^ hydrdjhlonc acid of 25$ and $ c.c. hydrofluoric 
acid, and heated to near the boiling point, dissolves completely in three 
minutes. 4 c.c. sulphuric acid are then added, the sulphate of baryta 
which separates is filtered oflf, and the filtrate evaporated till no more 
hydrofluoric acid escapes (Al. MItscherlich* * * § ). 

The execution of the ipethod requires the greatest possible care 
both the liquid and the gaseous hydrofluoric acid being most injurious 
substances. The treatment of the silicate with the acid and the evapo- 
ration must be conducted in the open air, otherwise the windows and 
all glass apparatus will be attacked. As the silicic acid is in this 
method simply inferred from the loss,t a combination with method a 
is often resorted to. 


kb. By Hydrofluoric Acid Gas. 

Instead of the hydrofluoric acid dissolved in water, the gaseous acid 
also may be used to effect the decomposition of silicates. Brunner^ 
is the author of this method, which is very often employed. The pro- 
cess is as follows -Put from 1 to 2 grm. of the silicate, very finely 
pulverized in the thinnest possible layer, into a shallow platinum dish, 
and moisten the powder with dilute sulphuric acid ; place the dish’ 
supported on a leaden tripod or leaden ring in the centre of a leaden 
box, which may have a diameter of 6 inches and a height of 6 inches, 
and on the bottom of which you have just before made a layer of about 
lalt aiijDpi of powdered fluor-spar into a pasto with concentrated 
* u P uncrwbid ; in this latter operation, be cautious to avoid the escap- 
ing vapors; the mixing of the powdered fluor-spar with the sulphuric 
acid is effected with a long glass rod, or, better still, with a long leaden 
. As soon ^ you have placed the dish in the box, with the aid of 
pincers or tongsf put on the tightly fitting leaden cover, lute the join- 
fo? d plaster of ? aris > and P ut the box in a warm place for from 6 
0 days. . If you wish to accelerate the process, you must not lute the 
bvT and must heat tlie apparatus in the open air§ 
JwT T* ° f , a sma11 £ ils ’ or s pint-Iamp ; in this manner you may 
2 Zm IV few hours iu, effecting the decomposition of from 1 to 
layer °* • 0 P owdered silicate, . provided it is spread in a very thin 
rpni * or stirred from time to time, which latter operation, however, 
squires caution. - k 

<lisb^ ^ le . deco ^ 1 P° ( s ition has succeeded well, the residue in the platinum 
now ^°. nKlst8 silicofluorides and sulphates. Put the shallow dish 
*cid 1,11 ° a * ar £ er platinum dish, add, drop by drop,, pure sulphuric 
of th lr l som ewhat more than sufficient quantity to effect the conversion 

e ases into sulphates ; evaporate in the air-bath, expel finally the 


* + T] ... * Journ. f. prakt. Chem. 81/108. 

direct ] v 1 ® l ii 0a in the form of fluoride may sometimes be determined 

which ] lft ? tlle uieibod of SxpRY Maskelyne (Zeitsehr. f, anal. Chem. 9, 380), 
> wever, requires 1 a platinum retort of peculiar consthiotion. 

§ An . Anna!. 44, 134. 

^•Mi)TTt. a i , P? ratl18 maybe used in the laboratory has been described by 
LLER (Joui». f. prakt. Chem. 95, 51). . 
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excess of hydrated sulphuric acid over the. lamp, almost, but not 
entirely, and treat the residue with hydrochloric acid and water in the 
manner directed in aa. The decomposition can only be considered 
complete if the residue entirely dissolves (of course, in presence of 
barium, ycu would expect to find a little sulphate of barium). 

If you have a platinum tube adapted to the purpose, you may heat 
the powdered substance in a platinum boat inside the tube in a current 
of dry hydrochloric acid gas. The platinum tube is bent downwards in 
front and dips in water. The water takes up the volatile fluorides, the 
non-volatile ones remaining in the boat (Saint-Claire Deville, 
Kuhlmann*). 

cc. By Fluoride of Ammonium, 

Mix the very finely powdered substance in a platinum dish with 
four times its weight of fluoride of ammonium, moisten well with con- 
centrated sulphuric acid, heat on the water-bath till the evolution of 
fluoride of silicon and hydrofluoric acid slackens, add more sulphuric 
acid, heat again, finally somewhat more strongly till the greater part of 
the sulphuric acid has escaped, and treat the residue according to m 
(L. v. Babo, J. Potyka, R. Hoffmann f). H. RoseJ first warms the 
silicate gently with seven times its amount of the fluoride and some 
water, then heats gradually to redness till no more fumes escape, 
and finally treats with sulphuric acid. 

dd. By Fluoride of Hydrogen and Potassium, dee. 

In silicates, which more or less resist the action of hydrofluoric 
acid, such as zircon and beryll, the bases with the exception of the 
alkalies may be determined by fusing with fluoride of hydrogen ami 
potassium (Marignac, Gibbs§), or by mixing with three parts of fluoride 
of sodium, adding 12 parts of bisulphate of potash to the crucible, 
and then heating at first very gently, afterwards more strongly till the 
mass fuses calmly. The residue is dissolved in water or hydrochloric 
acid (Clarke||). 

y. Decomposition by fusion with Hydrate of Baryta or Carbonate of 
Baryta. 

The fusion of silicates with carbonate of baryta requires a very high 
degree of heat, attainable only by means of a good blast gas -lamp, a 
Sefstrom furnace, a Deville turpentine lamp, &c. ; as the highest 
temperature attainable by means of a wind furnace does not cause 
agglutination of the carbonate of baryta and the silicate, without which 
complete decomposition cannot occur. But then, on the other hand, 
the action of carbonate of baryta is so energetic, that even the most 
refractory siliceous minerals are readily and completely decomposed by 
it. The proportion to . be used is from 4 to 6 parts # of carbonate 0 
baryta to ^^B(of the mineral. The fusion is effected in a platinum 
cbucible, b Sefstrom furnace is used, is inserted in another 

crucible of refractory fire-clay, filled with magnesia. The crucible 1 
left in the fire half an hour at least. The larger the amount of eafljj' 
nate of baryta used the greater is the danger of volatilization of al 
Deville, in fact, recommends *8 parts of carbonate of baryta for 1 P a 
of a felspathic mineral. 

* Compt. rand. 58, 545. + Zeitschr. f. anal. Chem. 6, 366. 

X J?ogg. Annal. 108, 20. § Zeitschr. f. anal. Chem. 3, 399. II ^ 1* 4 y 
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With more readily decomposable minerals, the object in view may 
be attained more easily with hydrate of baryta freed from its water of 
crystallization. From 4 to 5 parts of the hydrate are intimately mixed 
with 1 part of the mineral ; it is advisable to cover the mixture with a 
layer of carbonate of baryta. The fusion may be effected over a common 
rras- or Berzelius spirit-lamp; silver crucibles are preferable to pla- 
tinum, as the latter are slightly attacked in the operation. The mixture 
cither fuses completely, or, at least, its particles agglutinate into a 
semi-fused mass. In order to be able to employ platinum crucibles 
v. Fellenberg-Bivier* recommends fusing 4 or 5 parts of chloride of 
calcium in the platinum crucible, shaking the Crucible round while it 
is cooling, then adding 1 part of hydrate of baryta and fusing this. 
When the crucible is cold add about 1 part of tho finely powdered sub- 
stance, heat gently, and when no more evolution of gas takes place 
heat more strongly. SMiTiif recommends with the same view fusing 
2 parts of chloride of barium with 3 or 4 parts of carbonate of baryta . 
and 1 part of the silicate. 

When tho operation is terminated — no matter whether carbonate or 
hydrate of baryta has been employed — tho crucible is allowed to cool, 
carefully cleaned outside, and put with its contents into a beaker, where 
it is then covered with 10 or 15 parts of water, and allowed to soak for 
some time; hydrochloric or nitric acid is added, and the rest of the 
operation conducted as in b , a. Care must be taken, however, not to 
add too much hydrochloric or nitric acid at once, as the chloride of barium 
formed is difficultly soluble in that acid, and would consequently tend 
to impede further solution; by forming a kind of insoluble protecting 
crust round the still undissolved portion. In the solution filtered from 
the silicic acid, the bases are determined by the methods which will bo 
found in Section Y. The purity of the silicic acid obtained must be 
tested as directed in a , before the operation can be looked upon as 
successful. These methods, which were formerly often employed to 
determine the alkalies in silicates, have been in a measure superseded 
by decomposition with aqueous hydrofluoric acid, and with fluoride of 
ammonium, both of which can now be readily obtained in a pure form. 

S. Decomposition by fusion with Lime and Lime Salts. 

BevilleJ recommends to fuse 1 part of the powdered silicate with 
from *3 to *8 parts of carbonate of lime. I have tried this process, but 
have not found it answer in the case of many silicates. L. Smitii§ 
recommends to fuse *5 to 1 grm. of the , powdered silicate with 1 grm. 
chloride of ammonium, and 8 grm. carbonate of lime. The chloride of 
ammonium should be in fine grains such as are produced by disturbed 
crystallization. « The carbonate of lime should have been precipitated by 
carbonate of ammonia in the heat. If the temperature during the 
msion rises too high, portions of alkaline chloride may easily be lost. 
k M * TI1 rises a crucible 95 mm. high, with an upper diameter of 22 mm., 
j a lower diameter of 16 mm., fixes this in a metal clamp or the iron 
pate of a special gas furnace, || so that about 15 mm * remain outside, 
^ats the crucible first above the mixture, then below gently, taking 

* Zeitschr. f. anal. Chem. 9, 459. t Journ. f. prakt. Chem. 60, 246. 
t Journ. f. prakt. Chem. 60, 246. * 

§ 76 . 60, 246 ; Chemical News, 23, 222 and 234. 

Ji Zeifcschr. f. anal. Chem. 11, 87* 

<JUANT. VOL. I* A A. 
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about 5 minutes to decompose all the chloride of ammonium, and then 
increases the heat, keeping the whole 40 or 60 minutes at a bright red 
heat. By heating in this way, loss of alkaline chloride is entirely p rc . 
vented. After the semi-fused mass has cooled treat it according to y 
However, Smith says, that the whole ef the alkalies may be obtained in 
solution by treating the ignited mass with water, heating for several 
hours, filtering, and washing the residue. The lime is precipitated by 
carbonate and a little oxalate of ammonia. ' 

€. Decomposition with Hydrochloric or Sulphuric Acid in sealed tufa 
( under pressure), after Al. Mitscherlicii.* 

Many silicates (and also aluminates) which on digestion with hydro- 
chloric or sulphuric acid in open vessels are either not at all or scarcely 
attacked, are completely decomposed if heated with hydrochloric acid of 
25# HC 1 , or with a mixture of 3 parts by weight concentrated sulphuric 
acid and 1 part water in sealed glass tubes for 2 hours at 200° to 210“. 
For this purpose transfer about 1 grin, of the very fine elutriated or 
sifted substance to a strong tube of difficultly fusible Bohemian glass 
fused at one end and somewhat drawn out at the other, add the acid, 
seal the tube carefully and place it in the wrought iron tube of a 
metallic bath,f then heat in the manner described. When the tube has 
cooled, open it cautiously, rinse its contents into a platinum or porcelain 
dish, and proceed according to II., a. The method has this advantage 
over most others, that any protoxide of iron present is obtained in 
solution as such and can be accurately determined. 

Second Group. 

Hydrochloric Acid— IIydrobromic Acid— Hydriodic Acid- 
Hydrocyanic Acid — Hydros ulphuric Acid. 

§ 141- 

1. Hydrochloric Acid. 

1. Determination . 

Hydrochloric acid may be determined very accurately m the 
gravimetric as well as in the volumetric way.J 

a. Gravimetric Method. — Determination as Chloride of Silver. 

Solution of nitrate of silver, mixed with some nitric acid, is added 
in excess to the solution of the chloride, the precipitated chloride is 
made to unite by heating and agitating, washed by decantation and 
filtration, dried, andfemted. The details of the process havo been 
given in §• 115, 1, are must be taken not to heat the solution 
mixed with nitric acid, before the nitrate of silver has been added in 
excess. As soon as the latter is present in excess, the chloride 0 
silver separates immediately and completely upon shaking or stirring, 
and the supernatant' fluid becomes perfectly clear after, standing a 
short time in a warm place. The determination of hydrochloric ac 1 

Journ. f. prakt. Chem. 81, 10S, and 83, 455. * _ .. .. r f, 

t Such a bat&ff figured in Journ. f. prakt. Chem. 83, 489 also in Zeitsc 
•naL Chera. 1, p 

X For the acidimetric estimation of free hydrpchloric acid, see § 215* 
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by means of silver is therefore more readily effected than that of silver 
by means of hydrochloric acid. 

b. Volumetric Methods . 

a. By Solution of Nitrate of Silver. 

In § 1 15, 5, we have seen how the silver in a fluid may be estimated 
by adding a standard solution of chloride of sodium until no further 
precipitation ensued; in the same way we may determine also, by 
means of a standard solution of silver, the amount of hydrochloric acid 
in a fluid, br of chlorine in combination with a metal. Pelouze has 
used this method for the determination of several equivalent numbers. 
Levol* proposed a modification which serves to indicate more readily- 
the exact point of complete precipitation. To the fluid, which must be 
neutral , he added one-tenth volume of a saturated solution of phosphate 
of soda. When the whole of the chlorine has been precipitated by the 
silver, the further addition of the solution of silver produces a yellow 
precipitate which does not disappear upon shaking the vessel. Er. 
Moiir has since replaced, with the most complete success, the phosphate 
of soda by chromate of potassa. 

This convenient and accurate method requires a perfectly neutral 
solution of nitrate of silver of known value. The strength most con- 
venient is, 1 litre = *1 eq. HC 1 . I recommend the following method of 
preparation: Dissolve 18*80 to 18-85 & rm< P ure ^ use d nitrate of silver- 
in 1100 c.c. water, and filter the solution if required; the solution is- 
purposely made somewhat too strong' at first. Now weigh off exactly 
four portions of pure chloride of sodium, each of *io to '18 grm., one 
after another. The salt should be moderately ignited, not fused, pow- 
dered roughly while still warm, and introduced into a small dry tube,, 
that can be well closed. The weighing off is performed by first weigh- 
ing the filled tube, then shaking out into a dry beaker the quantity 
required, weighing again, dropping a second portion into beaker 
No. 2, weighing again, and so on. Each portion is dissolved in 20 to 
30 c.c. water, and about 3 drops of a cold saturated solution of pure 
yellow chromate of potassa added. 

Till a Mohr’s burette (in very accurate analysis an Erdmann’s. 
float should be used) with the silver solution, and run it slowly, with 
constant stirring, into the light yellow solution contained in one of the 
beakers. Each drop produces, where it falls, a red spot, which on 
stirring disappears, owing to the instant decomposition of the chromate 

0 S1 ™’ with the chloride of sodium. At last, however, the slight red 
«on remains. Now all chlorine has combined with silver, and a 

1 le chromate of silver has been permanently formed. I£ead off the 
curette and reckon how much silver solution would have been required 
or 1 eq. chloride of sodium, i.e ., 5*85 grm. Suppose we have used to- 
110 c ^°ride of sodium 18*7 c.c. silver solution. 

*110 : 5*85 :: i 8*7 : & a? = 994’S- 

Now, •without throwing away the contents of the 1st beaker, make 
second and third experiment in the same manner, of course always 
ipi n ^ ce regard the same shade of red as the sign of the end. 

e results of these are reckoned out in the same way as the first, 
oppose they gave for 5-85 NaCl 995*0 and 993*0 respectively, we 

# Joum. f. prakt. Chem. 60, 384. 
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take the mean of tlio three numbers, which is 994-2, and wo now knot 
that we have only to tako this number of c.c. of silver solution, and 
make it up to 1000 c.c. with 5-8 water, in order to obtain a solution of 
tlio required strength, i.e. f 1000 c.c. = *i oq. Nad. But if 994*2 require 
6-8 water, 1000 requires 5-83. Hence we fill a litre-flask (preyim* 
dried or rinsed with a small portion of the solution) up to the “ holding 
mark with the solution, add 5-83 c.c. water, insert a caoutchouc stopper, 

and shake. ; 

The solution must now be correct ; however, to make quite sure, 
we perforin another experiment with it. To this end rinse the empty 
burette with the new solution, fill it with tho same and test with tlie 
portion of salt in beaker No. 4. The c.c. used of silver solution must 
now, if multiplied by -00585, give exactly the weight of the salt. 

Beino- now in possession of a standard silver solution, and being 
practised 5 in exactly hitting the transition from yellow to tho shade of 
red we are in tlio position to determine with precision hyclrwlita 
acid or chlorine in the form of a metallic chloride soluble 111 water. 
The fluid to be tested must bo neutral— free acids dissolve the chromate 
of silver The solution of the substance is therefore, if necessary 
rendered neutral by addition of nitric acid or carbonate of soda (it 
should be rather alkalino than acid), about 3 drops of the solution »t 
yellow chromate added, and then silver from the burette, til he, 
reddish coloration is just perceptible. The number of c.c. use. ® 
onlv to be multiplied bv the equivalent of chlorine or of tho met* 
chloride and divided by 10000 to give the amount of these respected; 

present.^ o at or fears he has added too much silver solution, 

the red color is too strongly marked, he may addi c.c. of a solution' 
chloride of sodium containing 5-85 in a litre (and therefore co P 
imr to the silver solution), and then add the silver drop by chop a,® 
Of course in this case 1 c.c. must be deducted from tho amount 0 

silver solution used. . , i i nU i,} 

The results are very satisfactory. Tho fluid to be.analjsed- 
be about the same volume as the solutions employed in stanch a ^ 
the silver solution, and also about the same strength, othei 
small quantity of silver which produces the eoloraticin r 11 al! 
stand in the same proportion to the chlorine present. ‘ , o; 
quantity of silver solution is extremely small, varying be*"-* • 

and -i c.c., the inaccuracy hereby arising even m the caw 0 * 
tities of chlorine differing widely from that originally used fl 
dardizing the silver solution is therefore almost xnconsiclerau ■ 
the amount of silver solution necessary to impart the coloration ■ -vl 
remained the same, we should have simply to deduct the arn^ 
question with all experiments, in order to avoitf this small - ^ 
entirely; sine ) however the greater the quantity of chloride bi 
the more chromate of sdver is required for visible colo ■ 
method of proceeding would not increase the exactness ot in - ^ 

B. By Solution of Nitrate of Silver and xodide of Starch (F JbA 

' method*). .,1 „,*f r ic acii 1 

Add to the solution of the chloride, acidified with m filtel 
slight excess of standard solution of nitrate of silver, waiffl, 

* Annal d. Mines, io, 83 ; Liebig and Korp’s Jahresbencht, i85 6 > 75 
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[Determine the excess of silver in the filtrate by means of solution of 
of starch (see p. 240), and deduct this from the amount of silver 
Solution used. The difference shows the quantity of silver which has 
coni hined with the chlorine ; calculate from this the amount of the 
latter. Results satisfactory. 

| y. With Solution of Nitrate of Mercury (Liebig’s method*) ; recom- 
‘memled more particularly for the determination of clilorino in the 
chlorides contained v 4n the urine. 

act. Principle of the method. Nitrate of mercury immediately pro- 
duces in a solution of urea a heavy white precipitate ; solution 
of chloride of mercury produces no such precipitate. When a 
solution of nitrate of mercury is mixed with the chloride of an 
alkali metal, there is formed chloride of mercury and nitrate of 
the alkali. If, therefore, a solution of urea is mixed with 
chloride of sodium, and a dilute solution of nitrate of mercury 
is added, drop by drop, the fluid will show in the points of 
contact a white turbidity, which, however, will immediately 
disappear upon shaking, as long as the nitrate of mercury con- 
tinues to decompose the chloride of sodium in the manner just 
stated ; but the moment this double decomposition is complete, 
an additional drop of the solution of the salt of mercury will 
produce a permanent white turbidity. Accordingly, if we 
know the amount and strength of the solution of the salt of 
mercury required to attain this point, we know also the amount 
of chlorine in the solution ; since 1 eq. mercury in the mercurial 
solution corresponds to 1 eq. chlorine. 
lb. Preparation of the solution of nitrate of mercury. As this solu- 
tion must be perfectly freo from other metals, it is advisable to 
prepare it with oxide of mercury — precipitated from solution of 
crystallized chloride of mercury by soda, and thoroughly 
washed — by dissolving io’8 grm. of the dry oxide in nitric 
acid, evaporating the solution to the consistence of syrup, and 
diluting with water to 550 c.c. Or the solution may be made 
by dissolving repeatedly recrystallized nitrate of suboxide of 
mercury in water, with addition of nitric acid, heating to 
boiling, adding strong nitric acid until no more red fumes 
escape, evaporating to the consistence of syrup, and diluting 
with a proper quantity of water to give a solution of tolerably 
correct strength. 

co. Determination of the strength of the solution . This is effected 
with the aid of a solution of chloride of sodium of known 
strength, which Liebig prepares by mixing 20 c.c. of. a 
saturated t solution of pure rock salt or chemically pure chloride 
of sodium, with 298*4 c.c. water. A c.c. of this solution con- 
tains 20 mgrm. chloride of sodium. 

Of this solution of chloride of sodium measure 10 c.c. into a 
small beaker, and add 3 c.c. of a solution of urea containing 
4 grm. in 100 c.c. 

Let the solution of mercury to be standardized drop into 


* Annal, d. Cliem. u. Pharrn. 85, 297. 
t* Saturated at the couuuon toin^eraturo. 
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this mixture from a burette, with shaking, until a perceptible 
precipitate forms, which on shaking fails to redissolve * 

dd. When you have in this way ascertained how many c.c. of the 
mercurial solution corresponds to the io c.c. of the solution of 
common salt = *2 grm. chloride of sodium, you may use the 
mercurial solution without further preparation, if you do not, 
mind the trouble , of a little calculation. But if you wish to 
avoid this, you must previously dilute the mercurial solution 
in a manner that every cubic centimetre m% correspond to an 
integral number of milligrammes of chloride of sodium or 
chlorine. Liebig dilutes it so that i c.c. corresponds to 
*oi grm. chloride of sodium. 

ee. If the test fluid is intended to examine solutions containing n 
large amount of foreign .salts, or an excess of urea, the ioc.p, 
of the chloride of sodium solution must be mixed with 5 c.c. of 
a cold saturated solution of sulphate of soda,t in addition to the 
3 c.c. of solution of urea, before the mercurial solution is added. 
The results are accurate. 

Alkalimetrically (after BohligJ ;. Add to the solution if necessary 
carbonate of potash (avoiding a considerable excess) to precipitate 
alkaline earths or metallic oxides, dilute to 250 c.c., mix, filter and deter- 
mine the alkalinity in 50 c.c. according to § 220. Then mix 125 c.c. 
of the filtrate in a \ litre flask with pure oxide of silver in excess, fill 
up with water and shake frequently with exclusion of light. In the 
course of a few minutes filter through a dry paper, take out 100 c.c. of 
the filtrate with a pipette ( = 50 c.c. of the original fluid) and redeter- 
mine the alkalinity. The difference between the alkalinity in the two 
-cases corresponds to the chlorine in the solution. It is well to test a 
portion of the second filtrate for chlorine. The method is particularly 
adapted for technical purposes. 

Of these volumetric methods of estimating chlorine, the first do- 
serves the preference in all ordinary eases. It cannot he employed, 
however, for urine, as compounds of oxide of silver with coloring 
matters, &c., precipitate with the chloride of silver (C. Neubauf.r§)- 
Pisani’s method {b, $) is especially suited for the estimation of very 
minute, quantities of chlorine, but is not applicable when — as in wtre 
analysis — large’*' quantities of alkaline nitrate are present^p. 236). 

mere opalescence of the fluid is disregarded, as this proceeds simply fr 0I JJ 
a trace of foreign metals ; that it does not indicate the completion of the reactio 
is readily seen from the circumstance that it is not increased by a fuither additio 
of the mercurial solution. • Are 

+ Th*gason of this addition is, that the nitrate of mercury and urea is m 
readilvjjflSle in pure water than in saline solutions ; to attain accurate resu 1 
* tbereflpB is necessary that the solvent power of the fluids should be as 
as possiblelhe same in the preliminary determination of the strength of the 
curial solution as in the subsequent analytical process. 

t Zeitschr. f. anal. Chem. 9, 314. . p heBJ , 

§ In order to apply, the method also to urine, Pribram (Zeitschr. f. anal. u 
9, 428} heaii 10 c.c, uriflp with 50 c.c. of solution of pure pern^ncannte ot P T 
(containing ! or 2 giro, in 1 litre) to gentle ebullition, filters off the brown a 
washes and determines the chlorine in the filtrate by b, a. 
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II. Separation of Chlorine from the Metals. 

a. In Soluble Chlorides . 

The same methods as in I., a. The metals in the filtrate are 
separated from the excess of the salt of silver by the methods which 
will be found in 'Section V. Chlorides soluble in water may also be 
completely decomposed by cold digestion with oxide or carbonate of 
silver. Chloride of silver is obtained, while the metal combined with 
the chlorine is concerted into oxide or carbonate and either remains in 
solution or falls down with the chloride of silver. Take care that no 
traces of oxide or carbonate’ of silver pass into the filtrate. 

Bichloride of tin, chloride of mercury , the chlorides of antimony , the 
green chloride of chromium and bichloride of platinum , form exceptions 
from the rule. 

a. From bichloride of tin , nitrate of silver would precipitate, besides 
chloride of silver, a compound of bin oxide of tin and oxide of silver. 
To precipitate the tin, therefore, the solution is mixed with concentrated 
solution of nitrate of ammonia, boiled, allowed to deposit, decanted, and 
filtered (compare § ic6, i b), and the chlorine in the filtrate is precipi- 
tated with solution of silver. Lowenthal, the inventor of this method, 
has proved its accuracy.* * 

0. When chloride of mercury is precipitated with solution of nitrate 
of silver, the chloride of silver thrown down contains an admixture of 
mercury. The mercury is, therefore, first precipitated by sulphuretted 
hydrogen, and the chlorine in the filtrate determined as directed in 
§ 169. 

y. The ■‘chlorides of antimony are also decomposed in the manner 
described in £. The separation of basic salt upon the addition of water 
may be avoided by addition of tartaric acid. The sulphide of antimony 
should 'be tested for chlorine. 

5 . Solution of silver fails to precipitate the whole of the chlorino 
from solution of the green chloride of chromium (Pkligot). The 
chromium is, therefore, first precipitated with ammonia, the fluid filtered, 
and the chlorine in the filtrate precipitated as in I., a . 

e. From bichloride of platinum nitrate of silver throws down a com- 
pound of protochloride of platinum and chloride of silver (Comaille’)'). 
We may either 'ignite the bichloride of platinum in a current of 
hydrogen and joass the hydrochloric acid produced into solution of 
silver (BoNsjjifciFP) ; or we may evaporate the solution with carbonate 
of soda, fugPthe residue in a platinum crucible and determine the 
chlorine in t&e aqueous solution of the fusion. Or, thirdly, we may 
(after Topsqh£) digest the moderately dilute solution in the cold with 
zme clippings till hydrogen ceases to escape, add ammonia in excess, 
!cat on a water-bath till the fluid is fully decolorized, all the platinum 
emg precipitated, and finally determine the chlorine in the filtrate. 

In Insoluble Chlorides . 

^ Chlorides soluble in Nitric Acid. . • 

Dissolve the chloride in nitric acid, withdut applying hetit, and 
proceed as in I., . % v 

* Journ. f. prakt. Chem. 66, 371. 

T Zeitschr. f. anal. Chem. 6, 121. * lb. 9, 30 
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/3. Chlorides insoluble in Nitric Acid (chloride of lead, chloride of 
silver, subchloride of mercury). 

aa. Chloride of lead is decomposed by digestion with alkaline 
bicarbonate and water. ' The process is exactly the same as for 
the decomposition of sulphate of lead (§ 132, II., b, ft). 

bb. Chloride of silver is ignited in a porcelain crucible, with 3 
parts of carbonate of soda and potassa, until the mass com- 
mences to agglutinate. Upon treating with water, the metal- 
lic silver is left undissolved ; the solution contains the alkaline 
chloride, which is then treated as in I., a. 

Chloride of silver may also bo readily decomposed by long 
digestion with pure iron (reduced by hydrogen) and dilute sul- 
phuric acid. Zinc may bo used instead of iron but it does not 
answer so well. The separated metallic silver may be washed, 
heated with dilute sulphuric acid, washed again and weighed ; 
it must afterwards be ascertained, however, whether it dissolves 
in nitric acid. The chlorino is determined in the chloride of 
iron or zinc as in I., a. 

cc. Subchloride of mercury is decomposed by digestion with solu- 
tion of soda or potassa. The hydrochloric acid in the filtrate 
is determined as in I., a. The suboxide of mercury is dissolved 
in nitric or nitrohydrochloric acid, and the mercury de- 
termined as directed in § 1 1 7 or § 1 18. 

c. The soluble chlorides of the metals of the fourth, fifth, and sixth groups 
may generally be decomposed also by sulphuretted hydrogen, or, 
sulphide of ammonium. The hydrochloric acid in the filtrate is de- 
termined as in § 169. It must not be omitted to test the precipitated 
sulphides for chlorine. Several chlorides, chloride of cadmium hr 
instance, give sulphides free from chlorine with sulphide of ammonium 
but not with sulphuretted hydrogen. 

d. In many metallic chlorides, for instance, in those of the 
and second groups, the chlorine may be determined also by evaporating 
with sulphuric acid, converting the base thus into a sulphate, which is 
then ignited and weighed as such; the chlorine being calculated from 
the loss. This method is not applicable in the case of chloride of 
and chloride of lead, which are only imperfectly and with diflicu ) 
decomposed by sulphuric acid ; nor in tlio case of chloride of 

and bichloride of tin, which sulphuric acids fails almost or altogether 
decompose. 

Supplement. 

Determination of Chlorine in the Free State. 

§ 142. 

Chlorine in the free state may he determined both in the vol’imc^ 
and in the gravimetric way. The volumetric methods, 
deserve the preference in most cases. They are very numerous- ^ 

1 &al|#lly here adduce that one which is undoubtedly 
accurat^alidlt the same time the most convenient. # 

* Compare “ Clilgrimctry ,, iii the Special Tart. 
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i. Volumetric Method. 

With Iodide of Potassium (after Bunsen). 

Bring the chlorine, in the gaseous form or in aqueous solution into 
contact with an excess of solution of iodide of potassium in water 
Each eq. chlorine liberates i eq. iodine, which remains dissolved in the 
excess of iodide of potassium. By determining the liberated iodine by 
means of hyposulphite of soda as in § 146, you will accordingly learn 
the quantity of chlorine, and, in fact, with the greatest accuracy If 
you have to determine the chlorine of chlorine water, measure a portion 
off with a pipette. So as to prevent any of the gas entering the mouth 
connect the upper end of the pipette with a tube containing moist 
hydrate of potassa laid between wool. When the pipette has been cor- 
rectly filled allow its contents to flow, with stirring, into an excess of 
solution of iodide of potassium (1 in 10). There is no difficulty about 
knowing whether the latter* is sufficiently in excess, for if not a bheh 
precipitate is formed. If the chlorine is evolved in the gaseous cornli- 
tion, you may employ either the apparatus given in § 1 30, I. e (3 or 
the following, which is especially suitablo where the chlorine is not 
pure, but is mixed with other gases. 



Fig. 95. 

^ffistaTice ^^J e , ^ as k> from which the chlorine is evolved by boiling the 
added • if hydrochloric acid, a small lump of magnesite being 
The latte 18 connec ^ e d with the tube, b, by means of a flexible tube 
Well i )0 *j r i Inu ^ he free from sulphur — should it contain sulphur it is 
thinner Wl ^ ^dute potassa and then thoroughly washed. The 

the caout C> w hich has been fused to the bulb of b , leads through 

hulbed lEt T 7 to PP? r ( w hich has been deprived of sulphur) to the 
which for U f ^\ w hi c h contains solution of iodide of potassium, and 
safety is connected with the plain U-tubo, e, also containing 
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iodide of potassium solution. Both tubes stand in a beaker filled with 
water. The apparatus offers the advantages that the fluid cannot re- 
turn, that the iodide of potassium remains cold, and that the absorption 
is complete. After all the chlorine has been expelled by boiling long 
enough, riiiso d and e out into a beaker and titrate with standard hypo- 
sulphite of soda (§ 146). 

2. Gravimetric Method. 

The fluid under examination, which must bo free from sulphuric 
acid, say, for instance, 3° grm. chlorine water, is mixed in a stoppered 
bottle, with a slight excess of hyposulphite of soda, say *5 grin., the 
stopper inserted, and the bottle kept for a short time in a warm place ; 
after which the odor of chlorine is found to have gone off. The mixture 
is then heated to boiling with some hydrochloric acid in excess, to 
destroy the excess of hyposulphite of soda, filtered, and the sulphuric 
acid in the filtrate determined by baryta (§' 132). I eq. sulphuric acid 
corresponds to 2 eq. chlorine ( Wicke*). 

In fluids containing , besides free chlorine also hydrochloric acid , or a 
metallic chloride , the chlorine existing in a state of combination may be 
determined, in presence of the free chlorine, in the following way 

A weighed portion of the fluid is mixed with solution of sulphurous 
acid in excess, after some time nitric acid is added, and then chromate 
of potassa to destroy the excess of sulphurous acid, and the whole of 
the chlorine is precipitated as chloride of silver. The quantity of the 
free chlorine is^hen determined in another weighed portion, by means 
of iodide of potassium \ the difference gives the amount of combined 
chlorine.t 


Having thus seen in how simple and accurate a manner the quantity 
of free chlorine may be determined by Bunsen's method, it will be 
readily understood that all oxides and peroxides which yield chlonno 
when heated with hydrochloric acid, may be analysed by heating t mill 
with concentrated hydrochloric acid, with addition of a small lump b 
magnesite, and determining the' amount of chlorine evolved. 

§ 143 * 


2. IIydrobromic Acid. 

I. Determination. 

a. Gravimetric Method. # # , 

Estimation as bromide of silver. Free hydrobromic acid— in a sol - 
tion free from hydrochloric acid or chlorides — is precipitated by & ^ 
solution, and tMfccther process is conducted as in the case of hy r 
chloric acid (§ ^BjpFor the properties of bromide of silver, see § 9-+> 
2 . The resultsBPprfectly accurate. 

& Annal. d. Chem. a. Tharm. 99» , V chlorine 

+ If chlorine #atet is mixed at once with nitrate of silver, ? r 0 f, tn t welt* 

is obtained as chloride of silver : 6C1 + 6AgO « 5 AgCl + AgO, UO s (H. " os ;.,] l , lD1 . 
zien. Annal. d. ClienC u. Pharm, 91 , 45)- If chlorine water is m 5, xe / 1 { .},iorit0 
monia in exam, there are formed at first chloride of ammonium and nyp 0 f 
of aramoniajfc latter then gradually decomposes into nitrogen and cn ^ 
itomoniiltt^Fhoweifer, a little chlorate of ammonia is also formed besides ; 
bein, Journ. f. pratyt. Chem. $4, 386 ; Zeitsckrift f. analyt. Chem. 2 , 59r 
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b. Volumetric Methods. 

Like hydrochloric acid and the chlorine in alkaline metallic chlo- 
rides bromine may be estimated in the analogous compounds by 
standard silver solution (§ 141, I*, b, a), by solution of silver and iodide of 
starch (§ 141, I., M)> and tbe f alkalimetric method (§ 1*41, 1., b , S). 
But these methods are seldom applicable, as they cannot be used in the 
presence of hydrochloric acid and metallic chlorides. 

^ The following methods must therefore be detailed; they are espe- 
cially useful for the estimation of small quantities of bromine in solu- 
tions containing chlorides, but in point of accuracy they leave much to 

a. With chlorine water and chloroform {after A. ReimannI*). This 
method depends on the facts that chlorine when added to bromides 
first liberates the bromine and then combines with it, and that bromine 
colors chloroform yellow or orange, while chloride of bromine merely 
communicates a yellowish tinge to that fluid. The process is as follows : 
—Mix the liquid containing a bromide of an alkali metal in neutral so- 
lution, in a stoppered bottle with a drop of pure chloroform about the 
size of a hazel-nut, then add standard chlorine water from a burette, 
protected from the light by being surrounded with black paper. On 
shaking, the chlorofcfrm becomes yellow, on further addition of chlorine 
water, orange, then yellow again, and lastly at the moment, when 
2 eq. chlorine have been used for 1 eq. bromine— yellowish white 
(KBr + 2 Cl = KC 1 + BrCl). Considerable practice and skill are required 
before the operator can tell the end-reaction. He will be assisted by 
placing the bottle on white paper and comparing the color of the 
chloroform with that of a dilute solution of yellow chromate of potassa 
of the required color. The strength of the chlorine water should 
depend on the amount of the bromine to be determined. It should be 
so adjusted that about 100 c.c. may be used. The chlorine water is 
standardized with iodide of potassium and hyposulphite of soda 
(§ 142, 1). The method is especially suited for the determination of 
small quantities of bromine in mother liquors, kelp, &c. The results 
are approximate : e.g, f *0180 instead of ’0185 — -055 instead of *059 
;oi 12 instead of -oioo, &c. If the fluid contains organic substances, 
it is — after being rendered alkaline with caustic soda -evaporated to 
dryness, the residue ignited in a silver dish, extracted with water, the 
solution neutralized exactly with hydrochloric acid, and then tested. 

0. With chlorine water and the application of heat ( after Figuier+). 
This method is based upon the circumstances that i eq. chlorine 
liberates from a solution of a metallic bromide 1 eq. bromine, and that 
bromine imparts a yellow color to an aqueous solution, and escapes 
readily upon ‘boding, the yellow tint of the solution disappearing with 
the escape of the brqmiiie. The chlorine is used in dilute aqueous 
solution. It is standardized immediately before use, by making it act 
upon a solution of bromide of sodium of known strength, acidified with 
a ^ ew drops of hydrochloric acid (or more simply with lodite o 
potassium and hyposulphite of soda, according to § 142, 1). -the 
pother liquid is heated in a flask nearly to ebullition ; chlorine water 
18 then added from a burette covered with black paper, and the mixture 


* Compare § 169. + Annal. d. Chem. w. Pharm. 1 15, T4°* 

p + Annal. de Chim. et de Phys; 33, 303 ; and Journ. f. prakt. Chem. 54, 293. 
foposed to effect the determination of bromine in mother liquors. 
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heated for about 3 minutes, whereupon the yellow tint imparted to (lie 
fluid by the addition of the chlorine water will disappear again ; the 
mixture is now allowed to cool for 2 minutes, after which gome more 
chlorine wajer is dropped into it, heat again applied, and the same 
process repeated until further addition of chlorine water fails to impart 
a yellow color to the fluid. Should the experiment last several hours, 
the strength of the chlorine water must be determined once more 
at the end of the process, and the calculation of the results based upon 
the mean of the two experiments. Alkaline fluids must he slightly 
acidified with hydrochloric acid. Protoxide of iron, protoxide of 
manganese, iodine, and organic matters must not be present. Mother 
liquors colored yellow by organic matter should be evaporated to 
dryness, the residue gently ignited, then treated with water, and tin* * * § 
fluid filtered. In evaporating tho solutions to dryness, carbonate of 
soda must be added, since chloride and bromide of magnesium evolve 
hydrochloric and hydrobromic acids in the process. 

From my own experiments it appears that the process is hastened, 
and the results improved by providing tho flask used for boiling (lie 
liquor with a cork containing three perforations. Through one car- 
bonic acid is passed to the bottom of the fluid, through another the 
point of the burette — in this case somewhat lengthened — passes, and 
through the third the carbonic acid and tho bromine escape. The 
fluid is kept in gentle ebullition throughout the operation. 

y. Heine's colorimetric method .* The bromine is liberated by means 
of chlorine, and taken up with ether; the solution is compared, with 
respect to color, with an ethereal solution of bromine of known strength, 
and the quantity of bromine in it thus ascertained. FeiilingI ob- 
tained satisfactory results by this method. It will at once be seen that 
the amount of bromine contained in the fluid to be analysed must be 
known in some measure, before this method can be resorted to. As the 


brine examined by Fehling could contain at the most *02 grm. 
bromine in 60 grm., I10 prepared ten different test fluids, by adding to 
ten several portions of 60 grm. each of a saturated solution of common 
stilt increasing quantities of bromide of potassium, containing respectively 
from *002 grm. to *020 grm. bromine. lie .added an equal volume or 
ether to the test fluids, and then chlorine water, until there was no 
further change observed in the color of the ether. It being of tho 
highest importance to hit this point exactly, since too little as well os 
too much chlorine makes the color appear lighter, Feiiling prepared 
three samples of each test fluid, and then chose the darkest of them 
for the comparison, 60 grm. are now takenj of the mother liquor to 
be examined, the same volume of ether added as was added to the 
test fluids, and then chlorine water. Every experiment? is repeats 
several times. Direct sunlight must be avoided, and the operation 
conducted with proper expedition. In my opinion it is well to replace 
the ether by chloroform or bisulphide of carbon, v Caignet§ substitute* 
hypochlorite of soda for the chlorine water, and removed the coloie 
bisulphide of carbon from time to time. 


* Journ. f. prakt. Cliem. 36, 184. Proposed to effect the determination 0 
bromine in mother liquors. 

+ Journ. f. prakt. Chem. 45, 269. 

£ The best way is to take them by measure# 

§ Zeitschr. f. anal. Chem. 9, 427. 
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II. Separation of Bromine from the Metals. 

The metallic bromides arc analysed exactly like the corresponding 
chlorides (§ 141, II., a to d) t the whole of these methods being appli- 
cable to bromides as well as chlorides. In the decomposition of 
bromides by sulphuric acid (§ 141, II., d), porcelain crucibles must be 
used instead of platinum ones, as the latter would be attacked by the 
liberated bromine. Some bromides it must be remembered are not 
completely decomposed by sulphuric acid; for instance, bromide of 
mercury is not. The soluble bromides may bo converted into chlorides 
by evaporation with hydrochloric acid and excess of chlorine water; 
but this process cannot be applied where the chloride is liable to be 
carried away W'ith the steam ; for instance, in the case of bromide of 
mercury. 


Supplement. 

Determination of Free Bromine . 

§ 144 ' 

Free bromine in aqueous solution, or evolved in the gaseous form, 
is caused to act on' excess of solution of iodide of potassium. Each eq. 
bromine liberates 1 eq. iodino, which is most conveniently determined 
by means of hyposulphite of soda (§146). As regards tho best mode of 
bringing about the action’ of the bromine on the iodido of potassium, 
compare § 142, 1. 

The determination of free bromine in presence of hydrobromic acid 
or metallic bromides is effected in the same manner as that of free 
chlorine in presence of hydrochloric acid (see § 142). 


§ I 45* 


3. Hydeiodic Acid. 


I. Determination .* 
a. Gravimetric Methods. 

a. Estimation as iodide of silver. If you havehydriodic acid in solution, 
free from hydrochloric and hydrobromic acids, precipitate with nitrate 
of silver, and proceed exactly as with hydrochloric acid (§ 141). If 
the solution were colored with free iodine, first add sulphurous acid 
cautiously till the color is removed. The particles of iodido of silver 
adhering to the filter are not reduced on incineration, but a little of the 
iodide is liable to volatilize if the heat is too high. Hence the filter 
should be got as clean as possible, and the heat during incineration 
should not be unduly raised. For the properties of iodide of silver, 
see § 94, 3. The results are perfectly accurate. 

Estimation ‘as protiodide of palladium. The following method, 
^commended first by Lassaigne, is resorted to exclusively to effect the 
separation of hydriodic acid from hydrochloric and hydrobromic acids, 
0r which purpose it is extremely well adapted. The solution may not 
contain any alcohol. Acidify it slightly with hydrochloric acid, and 


* 

169, 


For the methods to be adopted in the presenoe of bromine and chlorine, see • 
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add a solution of protochloride of palladium, as long as a precipitat 
forms; let the mixture stand from 24 to 48 hours in a warm p] a J 
filter the brownish-black precipitate off on a weighed filter, wash with 
warm water, and dry at ioo°, until the weight remains constant. p or 
the properties of the precipitate, see § 94, 3. This method gives very 
accurate results. Instead of simply drying the protiodide of palladium 
and weighing it in that form, you may ignite it in a current of hydroma 
in a crucible of porcelain or platinum, 411 and calculate the iodine from 
the residuary palladium (H. Rose.) Compare § 122, 1. 

b. Volumetric Methods . 

a. The methods given for hydrochloric acid by precipitatin'} with 
silver solution (§ 141, 1. , b, a), by silver solution and iodide of starch (§ 141, 
I., b, fi), and also by alkalimetry (§ 141, 1., b, d), may be used for hydri- 
odic acid and alkaline iodides ; the absence of chlorine and bromine being 
of course presupposed. 

/ 3 . With nitrous acid and bisulphide of carbon . This excellent method 
has been in frequent use in my laboratory for a length of time, it may- 
be used for small or large quantities of iodine. We require : — 

aa. Solution of iodide of potassium of known strength. Made by 
drying the pure salt at 180 0 (see p. 105) and dissolving an 
exactly weighed quantity (about 5 grm.) to 1 litre. 
bb. Solution of hyposulphite of soda containing about 13 or 13*5 
grm* of the pure crystallized salt in 1 litre. 
cc. Solution of nitrous acid in sulphuric acid. Prepared by 
passing nitrous acid gas into sulphuric acid to saturation. 
dd. Pure bisulphide of carbon (p. 91). 

ee. Solution of bicarbonate of soda. Made by dissolving 5 grm. 
in 1000 c.c. cold water and adding 1 c.c. of hydrochloric acid 
to the solution. 

Begin by standardizing the hyposulphite as follows. Tako a well- 
stoppered bottle of about 400 c.c. capacity, transfer to it 50 c.c. of the 
iodide of potassium solution, add about 150 c.c. water, 20 c.c. bisulphide 
of carbon, some dilute sulphuric acid, and 10 drops of the solution of 
nitrous acid in sulphuric acid. Insert the stopper and shake the bottle 
violently for some time, allow to settle, and ascertain by adding a few 
more drops of the nitrous acid that the whole of the iodine has been 
liberated. Shake again, allow to settle, and pour the supernatant fluid 
as completely as possible into a flask, leaving the bisulphide of carbon 
in the bottle, add 200 c.c. water to the latter, shake well, pour off the 
water into the fla$k and repeat the washing till the last water has no 
acid reaction, Tofthe contents of the flask add 10 c.c. bisulphide of 
carbon, shake well, pour off into a second flask, wash the ^bisulphide a 
little, and finally shake the contents of the second flask again with some 
fresh bisulphide, which should now be barely tinged. Collect the 
bisulphide from both flasks on a filter moistened with water, wash it 
till the washings are no longer acid, place the funnel in the bottle and 
pierce the point of the filter so that the bisulphide from all the opera- 
tions may lie mixed. Add 30 c.c. of the bicarbonate of soda and then 
the hyposulphite from a burette, with continual shaking, till the 
bisulphide has lost its color. The number of c.c. of hyposulphite use 
will correspond to the iodine in 50 c.c. of iodide of potassium solution- 

* This substance is not injured by the operation. 
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The analysis is performed exactly as above. The hyposulphite 
requires to be standardized before every fresh series of experiments, as 
it is liable to slight alteration. The presence of chlorides has no 
influence whatever on the results. In determining minute quantities 
of iodine let the solutions be ten times weaker, and use smaller 
quantities and smaller vessels. 

The results are. entirely concordant and exact. 

y. With permanganate of potash, after Reinige.* This method 
takes but little time and yields good results. It depends on the fact 
that alkaline iodides decompose with permanganate of potash in ac- 
cordance with the following equation — 

KI + 2 (K 0 ,Mn 2 0 7 ) - K0,I0 6 + 2 KO + 4 MnO, 

This reaction was first suggested by Pean de Saint-GillesI as the 
basis of a volumetric method fpr estimating iodine. A boiling heat 
favors the decomposition. In the case of very dilute solutions some 
alkaline carbonate is added to commence the change. The presence of 
chlorides and bromides is without effect. 

We require solutions of permanganate of potash and hyposulphite 
of soda each containing about 5 grm. per litre. The permanganate is 
standardized either according to § 112, 2, a, or by a solution of iodide 
of potassium of known strength, in the manner described below. The 
hyposulphite is used to estimate the excess of permanganate, we 
must therefore standardize it on the latter. The reaction is as fol- 
lows : K0,Mn 3 0 y + 6(NaO,S 3 O a ) = 2 Mn0 2 + 3 (Na0,S 1 0 6 ) + KO + 3 NaO. 
Measure off about 1 c.c. of the permanganate, add a quantity of water, 
a few drops of carbonate of soda, and then hyposulphite from a buretto 
till the red color is gone ; the point is not difficult to hit in very dilute 
solutions notwithstanding the presence of the brown hydrated peroxide 
of manganese. 

The solution to be analysed should contain all the iodine in the 
form of alkaline iodide. Add a little carbonate of potash or soda, 
heat to gentle boiling, and add the permanganate till the fluid con- 
taining the brown precipitate in suspension assumes a distinctly red 
color, which does not disappear on repeating boiling. To detect the 
color better remove the flame a few seconds from the flask to enable 
the precipitate to subside. Now transfer the whole to a 500 c.c. 
measuring flask, allow to cool, fill up to the mark, remove 100 c.c. with 
* pipette, and titrate with hyposulphite till the fluid is decolorized. 
Multiply the amount of the latter used by 5, calculate it into per- 
manganate, and deduct this from the amount of permanganate used ; 
the remainder corresponds to the amount of iodine present. It is not 
so well, as Ecinige directs, to titrate the excess of permanganate 
directly in the fluid with the brown precipitate suspended in it. 

ft need hardly be mentioned that organic, and other reducing matter 
must he carefully excluded. 

& With silver solution and iodide of starch (PisaxiJ). Wo require stan- 
dard decimal silver solution (p. 355) and standard iodide of starch (p. 240). 
f n e s °lution to be analysed should contain the iodine in the form 
f alkaline iodide. It may be neutral or slightly acid. Add a little 
Pure precipitated carbonate of lime, then a half or one c.c. of iodide of 

* Zeitsclir. f. anal. Chem. 9, 39. + Compt. read. 46, 624* 

X 44» 3S 2 * 
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starch and then silver solution from the burette with stirring, till t| 16 
iodide of starch has lost its color. Determine the small quantity of 
silver solution necessary to decolorize the iodide of starch employed, 
and after deducting this from the quantity of silver solution used in the 
above experiment, you will find the quantity corresponding to the 
iodine present. The method, it will be seen, depends on tlie silver 
solution first decomposing the metallic iodide, then the iqdide of starch, 
and finally any chloride present. The method is soon executed, and in 
the absence of chlorides and bromides yields good results. In the 
presence of small quantities of chlorides the results are still approximate, 
but much chloride entirely destroys their accuracy, as the precipitated 
chloride of silver is not decomposed with sufficient rapidity by the 
metallic iodide and iodide of starch present. Bromides interfere still 
more than chlorides. 

e. By distillation with sesquicldoride of imi(DuFLOs). When liydriodic 
acid or a metallic iodide is heated in a retort with solution of pure 
sesquichloride of iron, the whole of the iodine escapes with the aqueous 
vapor, and protochloride of iron is formed (Fe a Cl 3 + HI- pleUlf 
qjQl + 1). The iodine passing over is received in solution of iodide of 
potassium and determined by hyposulphite of soda, as directed § 14 ^ 
In employing this method it must be borne in mind that the sesqui- 
chloride of iron must be free from chlorine and nitric acid. It is best to 
prepare it from sesquioxide of iron and hydrochloric acid. Wo must 
not forget too that the separated iodine is liable to act on cork and 
Caoutchouc ; the apparatus should therefore be constructed according 


to fig. 78 , p. 179- . . ... . . , , , . 

Kerstino’s method* consists in precipitating with standard 
chloride of palladium till no further turbidity is produced. It gives 
good results, but is somewhat tedious and therefore not much used. A. 
and F. Dupres methodf depends on the action of chlorine water ujm 
akaline iodide . This gives good results only in the absence of chloride^ 
rj. H. Struve’s colorimetric method § may be used in many cases. 11 
this method the amount of iodine is estimated by the depth of co ni 
which the separated iodine gives to a measured quantity of bisulpln^ 
of carbon. 


II. Separation of Iodine from the Metals, 

The metallic iodides are in general analysed like the corresponding 
chlorides. From iodides of the alkali metals containing free alkali t « 
iodine may be precipitated as iodide of silver, by first saturating t i<j 
free alkali almost completely with nitric acid, then adding solution 0 
nitrate of silver in excess, and finally nitric acid to strongly acid ^re- 
action. If an excess of acid were added at the beginning, free lodu^ 
might separate, which is not converted completely into iodide of sib^ 
by solution of nitrate of silver. In compounds soluble in water t u 
iodine may" generally be precipitated as protiodide of palladium; 
may also determine the base in one portion (decomposing the compmur 
with concentrated sulphuric acid), and the iodine in another p ortl ° 
according to I., b , e. 


* Anna! d. Chem. u. Pharm, 87 , 25 . + -fy 94^3^5* ls0 

t H. Rose’s Handb. d. anal. Chem. 6 AufL von Finkener, 11. 62S anu 
my own experiments. 

§ Zeitschr. f. anal. Chem. 8, 230, 
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Iodine cannot be separated from platinum directly with nitrate of 
silver, as insoluble platinum salts would be thrown down with the 
iodide of silver. For this purpose II. Topsoe* recommends the fol- 
lowing process -.—Dissolve the substance in a good amount of water, 
add solution of bisulphite of soda and sulphurous acid, heat on a water- 
bath till the color has entirely disappeared, and the platinum is conse- 
quently converted into protosulphite. In this operation a white 
llocculent precipitate of sulphite of protoxide of platinum and soda which 
is difficultly soluble, separates ; it redissolves on addition of sulphurous 
acid. After heating on the watcr-batli for some time, allow to cool 
completely, precipitate with silver solution, which should not be added 
in large excess, add nitric acid, heat for about an hour to redissolvo 
the sulphite of silver first thrown down with the iodide, and then filter 
off the latter. Occasionally it is to be preferred to add sulphurous acid 
instead of the sulphite of soda, and then, when the fluid has been 
heated and the color has gone, to add an excess of ammonia. In this 
way the platinum compound is not thrown down, and the sulphite of' 
silver does not separate after the addition of silver solution till nitric 
acid is added, and is immediately redissolved by the excess of the 
same. 

For the analysis of insoluble iodides, especially the iodides of silver 
and lead, the protoiodide of mercury and the subiodide of copper, E. 
MeuselI* .strongly recommends hyposulphito of soda, in which these 
salts dissolve. Very little water should be used, and as srirAll a quan- 
tity of the hyposulphite as possible. The metal is precipitated from 
the solution by sulphide of ammonium in the form of sulphide. Evapo- 
rate the filtrate with soda and heat the residue in a platinum dish to 
incipient redness to destroy tho hyposulphito and tetratliionate of soda. 
Dissolve the fusion in water by the aid of heat, and determine the 
iodine in it by I., b, e. A large quantity of sosquichloride of iron will 
he required to decompose the sulphite of soda ; the residue in the retort 
should have a deep reddish-brown color. 

Iodide of silver may be decomposed also by fusing with carbonate 
of soda (see p. 360), but not by igniting in a current of hydrogen, and 
n ot completely by zinc or iron. Protoiodide of mercury may be easily 
decomposed by distilling with 8 or 10 parts of a mixture of 1 part 
cyanide of potassium and 2 parts quick lime. For the apparatus, see 

84, p. 250; ab is filled with magnesite (II. RoseJ). Protoiodide of 
palladium may be decomposed by igniting in hydrogen. Subiodide of 
co pper, and many other iodides may be decomposed by boiling with 
potash or carbonate of soda. Portions of metal, which may pass into 
he alkaline solution, may be thrown down by sulphide of ammonium, 
or b y acidifying with acetic acid, and passing sulphuretted hydrogen. 

Supplement. 

Determination of Free Iodine. 

§ 146. 

. The determination of free iodine is an operation of great importance 

analytical chemistry, since, as Bunsen§ first pointed out, it is a 

* Zeitschr, f. anal. Chem. 9, 30. t lb. 9, 208. £ lb. 2, r. 

§ Annal. d. Chem. u. Pharm. 86, 265. 

Quant, vol, i* 
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means for the estimation of all those substances which, when brought 
in contact with iodide of potassium, separate from the same a definite 
quantity of iodine (e.g., chlorine, bromine, &c.), or, when boiled with 
hydrochloric acid, yield a definite quantity of chlorine ( e.g ., chromic 
acid, peroxide of manganese, &c.). By causing the chlorine produced 
to act on iodide of potassium, we obtain the equivalent quantity of free 
iodine. 

Of the various methods which have been proposed for the estimation 
of free iodine, the oldest is that of Schwarz.* It is based upon the 
following reaction : 2(Na0,S 2 0„) + I - Nal + Na 0 ,S 4 0 5 . 24-8 grm. pure 

crystallised hyposulphite of soda are dissolved to 1 litre. 1000 c.<\ of 
the solution correspond to 12*685, i.e., to 'i eq. iodine. This solution 
is added to the solution of the substance in iodide of potassium, until the 
fluid appears bright yellow, 3 or 4 c.c. thin and very clear starch-paste 
are then added, which must produce blue coloration, and finally again 
hyposulphite of soda, until the blue fluid is decolorized. 

This method, though in itself excellent, is open to this objection.** 
that it is difficult to obtain a solution of absolutely exact value bv 
weighing off hyposulphite of soda, as the salt is not readily procurable 
in a perfectly pure and dry condition, and although the solution decs 
nqt change rapidly or to any great extent, it is still liable to gradual 
alteration, especially under the influence of light. 

Bunsen's researches on the volumetric estimation of iodine died 
above, produced a very important and beneficial effect on the wlmlc 
domain of chemical analysis. Ilis process depends on the fact, that 
when iodine comes in contact with an aqueous solution of sulphurous 
acid, a decomposition takes place in accordance with the equation, 
I + 2 IIO + S 0 2 - III + I 10 ,S 0 3 , provided the solution does not contain 
more than *04 to *05 per cent, of anhydrous sulphurous acid. If the 
solution is more concentrated, another reaction also takes place to a 
. greater or less extent — namely, III + II 0 ,S 0 3 = I + 2 HO + S 0 . 2 . 

a In this method, a solution of iodine in iodide of potassium contain' 
ii% a known quantity of free iodine is employed, and we commence bv 
determining the relation between it and a sufficiently dilute solution ot 
.sulphurous acid. In applying the method, the iodine to be estimated is 
• dissolved in iodide of potassium, the standard sulphurous acid is addw* 
to decoloration, then thin starch-paste, and finally standard iochue 
•solution till the blue color of iodide of starch is just visible. 

We calculate now the c.c. of iodine solution which correspond to the 
sulphurous acid employed, and deduct therefrom the c.c. of iodide 
added to d^rfcroy the excess of sulphurous acid. The remainder go os 
the number of c.c. of iodine solution which contain a quantity of i^ iu0 
equal to that in the substance analysed. * 

On account of the rapidity with which solution of sulphurous aci 
changes, this method is somewhat inconvenient, and has given pl {ice ; 
the following, which is now universally employed. It retains the baM 
of Bunsen’s method, but substitutes hyposulphite of soda f° r 
phurous acid, employing the reaction of Schwarz’s method. 

F. MoHRt I give this “ combined method” the preference, becks’ 
first, we are not bound to a definite strength of the hyposulp 1 ^ 
secondly, the solution of hyposulphite is far less affected hy the oxyg 

* Anleit. zu Maassanal. Nachtrage, 1853, 22. 

+ Lehrb. d. chem.-analyt Titrirmethode, 3 Auti. 256. 
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of the air than sulphurous acid ; and thirdly, it loses nothing by 
evaporation. Finkener* even says, that the use of hyposulphite makes 
the method more accurate, his experiments having shown that in using 
Bunsen’s method the results differ, if, on one occasion, we add tho 
sulphurous acid to the iodine, and, on another, the iodine to the sul- 
phurous acid. 


a. Requisites for the Combined Method. 

a. Iodine solution of known strength. Dissolve 6*2 to 6*3 grm. 
iodine with the aid of about' 9 grm. iodide of potassium (free from iodic 
acid) to about 1200 c.c. 

0. Solution of hyposulphite of soda . Dissolve 12*2 to 12*3 grm. of 
the pure and dry salt to about 1200 c.c. 

y. Solution of iodide of potassium. Dissolve 1 part of the salt (free 
from iodic acid) in about 10 parts of water. The solution must ho 
colorless and must remain so immediately after the addition of dilute 
sulphuric or hydrochloric acid (either must be iron-free). 

h. Starch solution. Stir the purest starch powder gradually with 
about 100 parts cold water and heat to boiling with constant stirring. 
Allow to cool quietly, and pour off the fluid from any deposit. The 
solution should be almost clear and free from all lumps. The starch 
solution is best prepared frosh before each series of experiments. 


h . ' Preliminary Determinations. 

a. Determination of the relation between the Iodine Solution and 
Hyposulphite Solution. 

Fill two burettes with the solutions. Run 20 c.c. of the hypo- 
sulphite into a beaker, add some water and 3 or 4 c.c. starch solution, 
then add the iodine till a blue coloration is just produced. If you 
havo added a drop too much, run in one or two drops more of tho 
hyposulphite, and then more cautiously the iodine solution. After a 
ew minutes read off the height of the fluid in both burettes. Suppose 
We had used 20 c.c. hyposulphite to 20*2 c.c. iodine. 

/3. Exa&.Rtfpffi^ination of the Iodine in the Solution. 

. ^ is is done immediately before each series of analyses 
^ h the aid of an ftl&ctly weighed quantity of pure and 
. r y iodine. .Experience has convinced me that solution of 
th u * n *9$?® podium, even when kept cool and in 
e oark, iat;4BDCuch.. .more liable to change than is usually 
su pposed.f ' 

do -^ e 9 &> ar ® heated and allowed to cool in the 

'siccator. transfer to the inner tube about *2 grm. 

a I! ^^khmed iodiyiej (p. 104), lay the tube obliquely in 
t u i anc j heat till the iodine melts, then remove the 
tion aiK a ^ ow ^ to cool a little in a very oblique posi- 

80 that you can $pld . it with your hand, place the Fig. 96. 

+ Ifni? ' Rose, Ilaudb. d* anfal. Chem. 6 Anil, von Finkener, 2, 937^ 
f°dide or * 8e V eral 8ma H well-atbppered bottles with some solution of iodine in 
them in P ota8smm » ‘whose standard had been accurately determined, and placed 
How n ‘ Cel J ar * Even in the course of a few weeks the standard had altered. I 
shortly before ° U streu ^h of a solution of iodine, unless I have determined it 

tuiat *he preparation of absolutely pure iodine see Stas, Zeitschr. f. 

ui. 0, 419* 
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larger tube over it, allow to cool entirely in the desiccator, weigh ary] 
find in this manner the exact amount of iodine in the tube. Now 
the inner tube in a stoppered bottle, containing io c.c. of solution of 
iodide of potassium. Of course, the outer tube must be put in tl Kl 
bottle too if any trace of iodine adheres to it. As soon as the iodine is 
all dissolved, add water and then hyposulphite from a burette fill tlm 
color is gone; now add 3 or 4 c.c. of starch-paste and iodine solution 
(u, n) from a second burette till a blue tinge just appears. T laving 
read off both burettes, the following simple calculation will give you the 
iodine in the solution a , a : — 

Suppose we had weighed off *150 grm. iodine, and used 29*5 c.c. 
hyposulphite and *3 c.c. iodine solution. 

From h , a, we know that 20 c.c. hyposulphite correspond to 20-3 c.c. 
iodine solution; 29*5 c.c. therefore correspond to 29*8 c.c. 

Now 29*5 c.c. hyposulphite correspond to *150 grm. iodine + 3 c.c. 
iodine solution. 

But 29*5 c.c. hyposulphite also correspond to 29*8 c.c. iodine 
solution. 

*150 grm. iodine + *3 c.c. iodine solution = 29’8 c.c. iodine solution. 

.*• *15° gnn. iodine = 29*5 c.c. iodine solution. 

.*. *i c.c. iodine solution = *0050847 grm. iodine. 

The experiment just described is repeated and the mean of the two 
results taken, provided they exhibit sufficient uniformity. 

y. Dilution of the standard fluids to a convenient strength. 

With the aid of the iodine, solution the strength of which wo now 
know exactly, and the solution of hyposulphite of soda which stands in 
a known relation to the same, we might make any determinations of 
iodine. The calculation, although in principle extremely simple, is yet 
somewhat hampered by reason of the long decimal which expresses the 
quantity of iodine in 1 c.c. of the solution. It is therefore convenient 
to dilute the iodine solution so that 1 c.c. may exactly contain *005 grin- 
iodine. This is done by filling a litre flask therewith, and adding 
the necessary quantity of water; in our case 16*94 c.c., h ,r 
5 : 5*0847 :: 1000 : 1016*94. If the litre flask will hold above the 
mark this 16*94 c.c., it is simply added, otherwise it is put into the 
dry bottle destined to receive the iodine solution, tho iodine solution 
added, the whole shaken together, a portion of tho fluid returned to tj ie 
flask, shaken, poured back into the bottle, and the whole shaken agun- 

The solution of hyposulphite may now be diluted in a correspond- 
ing manner. In our case we should have had to add 27*11 c.c. watt' 1 
to 1000 c.c. of the solution, as will be seen from the following coU ' 
sideration : — 

20*2 c.c. of the original iodine solution correspond to 20 c.c. of 
hyposulphite solution. 

correspond to 990*1 c.c. 

NdiWKse 1000 c.c. were made up to 1016*94 by addition of 
if therefore we make up 990*1 c.c. of the hyposulphite of s<xw ■ ^ 
the same hulk by addition of water we shall have equh*^ 
solutions. Hence, to 990*1 c.c. we must add 26*84 c * c * water ’ 01 j 
1000 c.c. 27*11 water. , ,1 

In such cases of dilution, I always prefer to take exactly 1 lit re inS J 
of an uneven number of c.c., as in measuring the latter errors • j 
inaccuracies may readily' cccur ; I have, therefore, above recount 11 " 
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the preparation of 1200 c.c. of tho fluids, so that after their determi- 
nation 1000 c.c. may be sure to remain. 

c. Tiie actual Analysis. 

Weigh the iodine to be determined in the tubes fig. 96, dissolve it 
in iodide of potassium solution as in b , 0, add hyposulphite solution from 
the burette till decoloration is just produced, then 3 or 4 c.c. starch 
solution, then iodine solution from a second burette to incipient blueness. 
The substance contains the same amount of iodine as the c.c. of iodine 
solution corresponding to tho hyposulphite used minus the c.c. of the 
former used to destroy the excess of the latter. Where the solutions 
are of equal value and 1 c.c. corresponds to '005 grm. iodine, the 
calculation is in the highest degree simple; for suppose we had 
used 21 c.c. Na 0 ,S 2 0 2 and 1 c.c. iodine, the quantity of iodine present 
is *ioo grm. 

21 — 1 = 20, and 20 x *005 = *ioo 

Where you are analysing chromic acid or peroxide of manganese 
by boiling with hydrochloric acid, and passing the chlorine evolved 
into iodide of potassium, you must allow the solution to cool before 
titrating with hyposulphite; for at a high temperature a portion of 
the tetrathionate of soda produced is converted into sulphate of soda 
by the iodine (Wrigiit*). 

Free acid in tho iodine solution to bo estimated is not injurious ; 
when such is present, however, the excess of the hyposulphite must bo 
titrated without delay, or the free hyposulphurous acid may be decom- 
posed before the iodine is added. 

d. Keeping of the Solutions. 

The iodine solution and the hyposulphite solution are kept in glass- 
stoppered bottles in a cool, dark place. But the relation between tho 
two solutions must be tested before each now series of experiments, 
and the iodine in the iodine solution must be redetermined. 

If a fluid contains free iodine in presence of iodine in combination, 
determine the former in one portion by the combined method, and the 
total quantity in another portion. For this purpose you may either 
( l ) add sulphurous acid to decoloration, precipitate with nitrate of silver 
(§ 145, 1, a, a), digest the precipitate with nitric acid to remove any 
sulphite of silver which it may contain, filter, &e. ; or (2) distil with 
sesquichloride of iron as directed, § 145, 1. b, c. 

§ 147- 

4. Hydrocyanic AciD.f 

!• Determination. m . 

Gravimetric Estimation. — If you have free hydrocyanic acid in 
solution run it into an excess of solution of nitrate of silver, add a little 
acid, allow to settle without warming, and determine the preci- 

atecl cyanide of silver either by collecting on a weighed filter, drying 

ioo° and weighing (§ 115, 3), or by collecting on an unweighed 

. * Zoitachr. f. anal. Chem. 9, 482. 

intJ • h regard to IIerapath’s colorimetric method, which is founded on the 

wtiBity of the color of a solution of peraulphocyuoide of iron, compare Chem. 
**•*»«• 1853, 294. 
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filter and converting into metallic silver. The latter operation is per- 
formed by igniting the precipitate in a porcelain crucible for j hour, or 
till it ceases to lose weight (H. Rose). If you wish to determine in 
this way the hydrocyanic acid in bitter almond water or cherry laurel 
water, add ammonia after the addition of the solution of nitrate of 
silver till the fluid is strongly alkaline (it is not necessary to dissolve all 
the cyanide of silver) and at once acidify with nitric acid. When the 
precipitate has settled, filter. The whole of the cyanogen in the fluid 
will have been now converted into cyanide of silver. (The cyanogen 
■was originally present partly as hydrocyanic acid, partly as cyanide 
of ammonium, but principally as hydrocyanate of benzaldehyd—ii 
Feldhaus.*) 

Feldiiaus recommends the following proportions: ioo grm. bitter 
almond water, about 1*2 grm. nitrate of silver dissolved in water and 
2 to 3 c.c. ammonia sp. gr. *96. A portion of the filtrate should he 
tested to make sure that it contains silver salt in excess, another 
portion should be tested by making it strongly alkaline with ammonia, 
and then acid again with nitric acid. If a precipitate is formed in the 
latter case it shows that the whole of the hydrocyanate of benzaldchyd 
was not decomposed, and the precipitation must .bo repeated. If you 
want to measure oft' a fluid containing hydrocyanic acid with a pipette, 
insert a little tube with soda-lime between tlie pipetto and the flexible 
tube which ^you. put into your mouth. 

b. Liedig’s Volumetric Method .+ — If hydrocyanic acid is mixed with 
potassa to strong alkaline reaction, and a dilute solution of nitrate of 
silver is then added, a permanent turbidity of cyanide of silver— or, if 
a few drops of solution of chloride of sodium have been added, of 
chloride of silver — forms only after the whole of tho cyanogen is con- 
verted into double cyanide of silver and potassium. The first drop of 
solution of nitrate of silver added in excess produces the permanent 
precipitate. 1 eq. silver consumed in the process corresponds, therefore, 
exactly to 2 eq. hydrocyanic acid (cKCy + AgO,N 0 6 = AgCy,KCy + 
K. 0 ,N 0 5 ). A decinormal solution of nitrate of silver, containing con- 
sequently 10793 grm. silver in the litre, should be used ; 1 c.c. of this 
solution corresponds to *005408 of hydrocyanic acid. In examining 
medicinal hydrocyanic acid, 5 to 10 grm, ought to be used, but of 
bitter almond water about 50 grm.; if exactly 5*408 or 54*08 grm. 
are used, the number of c.c. of the silver solution, divided by 10, or by 
100, expresses exactly tho percentage of hydrocyanic acid. Medicinal 
hydrocyanic acid is suitably diluted first by adding from 5 to S volumes 
of water ; bitter almond water also is slightly diluted ; if the latter is 
turbid the end-reaction will nob be sufficiently distinct, and the gravi- 
metric method is to be preferred. 

* xamined hydrocyanic acid of various degrees of dilation, 
ed results by this method corresponding exactly wi ■ ] 
iy a . Souchay,J too, obtained results almost identic® ■ , 
(hydrocyanic acid, the gravimetric results were to 1 
00 to 100*5—101; with clear or nearly clear hit u 
j 100 to io.t. Feldhaus, ( foe; cit.) obtained very neaw 
The slightly higher results of the volumetric pvoce 

Zeitaehr, t anal, Chem. 3, 34. + Annal. d. Chem. u. Pharm. 77 » I02 * 

X Zeitsokr. f. anal. Chem. 2, 180. 
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are to bo explained from tlie fact that a small excess of silver solution 
is necessary to produce the final reaction. The less the amount of the sub- 
stance taken the greater importance does this error assume. We should 
also notice that in the bitter almond water, which contains cyanide of 
ammonium, some ammonia is set free which has a solvent action on the 
cvanide of silver. In this method it does not matter whether the hydro- 
cyanic acid contains an admixture of hydrochloric acid or formic acid. 
A considerable excess of potassa must be avoided. 

If it is intended to determine cyanide of potassium by this method, a 
solution of that salt must be prepared of known strength, and a measured 
quantity used containing about *i grm. of the salt. Should it contain 
sulphide of potassium, a small quantity of freshly precipitated carbonate 
of lead must be first added, and the solution filtered before proceeding 
to the determination. 

c. Fordos and Gems’s Volumetric Method .* This method is founded 
upon the reaction of iodine upon cyanide of potassium :f KOy + cI- 
Kl + ICy. 2 eq. iodine = 2537 correspond accordingly to 1. eq. cyano- 
gen = 26*04, or to 1 eq. hydrocyanic acid = 27*04, or to 1 eq. cyanide of 
potassium = 65*17. The iodine solution is prepared siccording to the 
directions of § 146. If you have to examine free hydrocyanic acid, 
mix the fluid cautiously with solution pf soda to alkaline reaction, add 
water containing carbonic acid (Seltzer or soda water), to convert a 
possible excess of alkali into bicarbonato (the fluid must not turn tur- 
meric paper bro\Vn), and then iodine solution, until the fluid which was 
previously colorless becomes permanently yellowish. For the analysis 
of cyanide of potassium, prepare a fluid of known strength, and use a 
volume containing about *05 of the salt ; addition of carbonic acid water 
is necessary in the process. The cyanide must contain no sulphide of 
potassium. The method gives satisfactory results, see Souchay (Joe. cit.\. 
It is not applicable to bitter almond water. 

II. Separation of Cyanogen from the Metals . 

a. In Cyanides of the Alkali Metals. 

Mix the substance (if solid, without previous solution in water) with 
excess of nitrate of silver solution, then add water, finally nitric acid in 
fi %ht excess, allow to settle without warming, and determine the cyanide 
of silver as in I., a. The bases are determined in the filtrate after separat- 
es the excess of silver. 

b. In Cyanides and double Cyanides , which are completely decomposed 

titrate of Silver and Nitric Acid or Nitrate of Silver and Ammonia . 

. -Digest for some time with a dilute solution of nitrate of silver, 
stoning frequently, $. then add nitric acid in moderate excess, and digest 

a gentle hfeat, till the foreign cyanide is fully dissolved and the 
cyanide of silver has become pure and quite white. Then add water 
a od filter. As a precautionary measure it is well to test the metal 
obtained by long ignition of the cyanide of silver, whether it is free from 
hose metals which were combined with the cyanogen. The filtrate is 
Use * for estimating the bases, the silver being first precipitated with 

4 * Journ. de Chim. etdePharm. 23, 48. 

+ + Mentioned first by Serullas and Wohler. 

cy +. < ~ ou ble cyanide of nickel and potassium yields by this process a mixture of 
iKteeii of s ^ ver with cyanide of nickel. Like double cyanides are similarly decom- 
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hydrochloric acid. This method affords us an exact analysis of the 
double cyanides of potassium with nickel, copper and zinc (II. Hose). 

W. Weith* recommends a solution of nitrate of silver in ammonia 
for the decomposition of many cyanogen compounds, such as ferrocyanido 
of potassium, Prussian blue, and even cobalticyanide of potassium. Jl e 
digests them in sealed tubes at ioo° (in the case of cobalticyanide of 
potassium, 150°) for 4 or 5 hours. Warm the contents of the tube 
gently in a dish, until the crystals of ammonio-cyanide of silver are 
dissolved, filter off the separated metallic oxide, wash it with ammonia 
dilute, and precipitate the cyanide of silver by acidifying with nitric 
acid. In the filtrate separate the silver from the alkalies, Ac. In 
respect to the undissolved oxides it should bo noted that metallic silver 
is always mixed with the oxide of iron. 

c. In Cyanide of Mercury. 

Precipitate the aqueous solution with sulphuretted hydrogen ; the 
sulphide of mercury may be filtered without difficulty if a little ammonia 
or hydrochloric acid be added ; it is determined according to § 1 18, 3. 
If the compound is in the solid condition, the cyanogen may he de- 
termined in another portion by ignition with oxide of copper, the 
nitrogen and carbonic acid being collected and separated (comp. Organic 
Analysis). 

II. Bose and PinkenerI have, after much troublo, succeeded in 
finding out a method for determining cyanogen with precision also in 
solutions of iyanide of mercury. Mix the solution of the cyanide of 
mercury with nitrate of zinc dissolved in ammonia. To 1 part of 
mercury-salt you may add about 2 parts of the zinc-salt. Add to the 
clear solution sulphuretted hydrogen water gradually till it produces a 
perfectly white precipitate of sulphide of zinc. The precipitate, which 
is a mixture of the sulphides of mercury and zinc, settles well. After 
a quarter of an hour filter it off and wash with very dilute ammonia. 
The filtrate contains cyanide of zinc dissolved in ammonia, together 
with nitrate of ammonia. It does not smell of hydrocyanic acid, and 
consequently no escape of the latter takes place. Mix it with nitrate 
of silver and then add dilute sulphuric acid in excess. The cyanide of 
silver is next washed a little by decantation, then — to free it from any 
cyanide of zinc simultaneously precipitated — heated with a solution of 
nitrate of silver, finally filtered off, washed, and determined after I., «■ 
The precipitated sulphides may be dissolved in aqua regia, and the 
mercury precipitated as subchloride according to § 118, 2. The test- 
analyses communicated by Bose yielded excellent results. 

d. In compounds decomposable by Oxide of Mercury in the Wet W(VJ> 

Many simple cyanides, and also double cyanides-*- both of the 

character of the double cyanide of nickel and potassium, and of the 
ferro- or ferricyanide (not, however, cobalticyanides) — may, as is well 
known, be completely decomposed by boiling with excess of oxide of 
mercury and water, all cyanogen being obtained as cyanide of mercury* 
and the metals passing into oxides. 

H. Rose (loc. cit.) has shown that Prussian blue, ferro- and fern- 
cyanide of potassium, more particularly, may be readily analysed & 
this manner. 


* Zeitschr. f. anal. Cliem. 9, 379. 


f 16 . i, 288. 
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Boil a few minutes with water and excess of oxide of mercury till 
complete decomposition is effected, and in order to render the sesqui- 
oxide of iron and oxide of mercury removable by the filter — nitric acid 
in small portions, till the alkaline reaction has nearly disappeared, 
filter, wash with hot water, dry the precipitate, ignite,— very gradually 
raising the heat— under a hood (with a good draught), and weigh the 
sesquioxido of iron remaining. In the filtrate the cyanogen is de- 
termined according to c, and any potassa that may be present is 
estimated in the filtrate from the cyanide of silver. 

e. Determination of Metals contained in Cyanides with decomposition 
and volatilization of the Cyanogen. 

Of the various means for completely decomposing compounds of 
cyanogen, especially also tho double cyanides, according to H. Hose 
(loc. cit.) three particularly are worthy of recommendation— viz., con- 
centrated sulphuric acid, sulphate of mercury, and chloride of ammo- 
nium. The nitrates seemed decidedly less suitable on account of their 
too violent action. 

a . Decomposition by Sulphuric Acid. All cyanogen com- 
pounds, simple or double, are completely decomposed and converted 
into sulphates or oxides, as the case may be, if treated in a powdered 
condition in a platinum dish or a capacious platinum crucible with a 
mixture of about 3 parts concentrated sulphuric acid and 1 part water, 
and heated till almost all the sulphuric acid has been expelled. Tho 
residual mass is then free from cyanogen. It is dissolved in water, if 
necessary with addition of hydrochloric acid, and the oxides determined 
by the usual methods. This way is not adapted for cyanide of mercury, 
as a little of the metal would escape with the fumes of the sulphuric 
acid. 

/3. Decomposition by Sulphate of Mercury. Of tho com- 
binations of oxide of mercury with sulphuric acid, those suitable to our 
present purpose aro the neutral and the basic (Turpeth mineral). The 
substance is mixed with 6 parts of tho latter, heated in a platinum 
crucible gradually, and finally maintained for a long time at a red lient, 
till all the mercury has volatilized, and the weight of the crucible re- 
frains constant. If alkalies are present, a little carbonate of ammonia 
ls ftdded during the final ignition, from time to time, in order to convert 
the bisulphates into neutral salts. The residue* ui ay usually be analysed 
by simple treatment with water ; in the case of ferrocyanide of potas- 
“um, for instance, the sulphate of pobissa dissolves and pure (alkali- 
Jroe) sesquioxide of iron remains behind. The test-analyses that have 
been communicated yielded excellent results. 

y. Decomposition by Chloride of Ammonium. Mix tho sub- 
stance with twice or thrice the amount of this salt and ignite the 
frixture moderately in a stream of hydrogen (apparatus, p. 200, fig. 79). 
Ij'om the cooled mass water extracts alkaline chloride, while the redu- 
j 6 metals remain in the metallic state. The method is peculiarly 
acl apted for the analysis of double cyanide of nickel and potassium and 
^balticyanide of potassium, not so for iron compounds, since the iron 
0 tained is not pure, but contains carbon. 

If one of the methods described in e is employed, the nitrogen and 
r .°n (the cyanogen) must be determined by a combustion, if an esti- 
^tion by the loss is not sufficient. 
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f. Determination of the Alkalies , especially of Ammonia in SohUe 
Ferrocyanides. 

Mix the boiling solution with n solution of chloride of copper, in 
moderate excess, filter off the precipitated ferrocyanide of copper, free 
the, filtrate from copper by means of sulphuretted v hydrogen, and then 
determine the alkalies (Reindel*)., For fixed alkalies, you may also 
ignite with hyposulphite of baryta (FRbHDEf). 


g. Volumetric Determination of Ferro - and Ferricyanojen . 

a. After E. be Haen. This method devised in my laboratory, is 
founded upon the simple fact that a solution of ferrocyanide of potas- 
sium acidified with sulphuric acid (and which may accordingly be 
assumed to contain free hydroferrocyanic acid), is by addition of per- 
manganate of potassa converted into the corresponding ferricyanide. If 
this conversion is effected in a very dilute fluid, containing about grm. 
ferrocyanide of potassium in from ioo to coo c.c.. the termination of 
the reaction is clearly and unmistakably indicated by the change of the 
originally pure yellow color of the fluid to reddish-yellow. $ 

The process requires two test fluids of known strength, viz. — 

1. A solution of pure ferrocyanide of potassium. 

2. A solution of permanganate of potassa. 

The former is prepared by dissolving 20 grm. perfectly pure and dry 
crystallized ferrocyanide of potassium in water to 1 litre ; each c.c. 
therefore contains 20 mgrm. The latter is diluted so that somewhat 
less than a buretteful is required for 10 c.c. of the solution of ferro- 
cyanide of potassium. 

To determine the strength of the permanganate of potassa solution 
in its action upon the ferrocyanide of potassium, measure off, by means 
of a pipette, 10 c.c. of the solution of ferrocyanide of potassium (contain- 
ing *2 grm.), dilute with 100 to 200 c.c. water, acidify with sulphuric 
acid, place the glass on a sheet of white paper, and allow tho perman- 
ganate to drop into tho fluid, stirring it at the same time, until the 
Change from yellow to reddish-yellow indicates that the conversion is 
coriS^lete.§ Repetitions of the experiment always give very accurately 
corresponding results. If at any time you have reason to suspect that 
the permanganate has suffered alteration, recourse must be had again 

to this experiment. If jifter acidifying the ferrocyanide of potassium 
with sulphuric acid you" add a trace of sesquichloride of iron to produce 
a bluish-green color, the latter will disappear at the end of the reaction, 
which is thus rendered very distinct (GiNTt||). 

To determine the amount of real ferrocyanide of potassium 
contained in any given sample of the commercial article, dissolve y 
grm. to 250 c.c.; take 10 c.c. of this solution, and examine ftS just 
directed. Suppose, in determining the strength of the permanganate, 


ayn. f. prakt. Chem. 6$, 452. 

^fceitschr. f. anal. Chem. 3, 18 1. . .. n 

t Instead of thejjfermanganate yon may use chromate, of ’potash. Tim solut ^ 
is added till spots ofiesquicnloride of iron on a plate are no longer colored biu 
green, but brownish. E. Meyer, Zcitschr. f. anal. Chfem. 8, 508. , or 

§ If you wish. at first for some additional evidence besides the change ot c 
add to a drop of the mixture on $ plate, a drop of solution of sesquichloride oi 
if this fails to produce a blue tint, the conversion is accomplished. 

|1 Zeitsckr. f. anal Chem. 6, 446. 
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you have used 20 c.c., and you find now that 19 c.c. is sufficient, the 
simple rule of three sum, 

20 : *2 : : 19 : x 

will inform you how much pure ferrocyanide of potassium *2 grm. of 
the analysed salt contains. , And even this small calculation may be 
dispensed with, by diluting the permanganate so that exactly 50 c.c. 
correspond to *2 of ferrocyanide of potassium, as, in that case, the 
number of half-c.c. consumed expresses directly the percentage of puro 
ferrocyanide. 

Instead of determining the strength of the permanganate by means 
of pure ferrocyanide of potassium, which is unquestionably the best way, 
one of the methods given in § 1 12, 2, may also bo employed ; hearing 
in mind, in that case, that 2 eq. ferrocyanide of potassium = 44276, 

2 eq. iron dissolved to protoxide = 56, and 1 eq. oxalic acid =63 are 
equivalent in their action upon solution of permanganate of potassa. 

The analysis of soluble ferricyanides by this method is effected by 
reducing them to ferrocyanides, acidifying, and then proceeding in the 
way described. * The reduction is effected as follows : — Mix the weighed 
ferricyanide with a solution of soda or potassa in excess, boil, and add 
concentrated solution of sulphate of protoxide of iron gradually, and in 
small portions, until the color of the precipitate appears black, which is 
a sign that protosesquioxide of iron has precipitated. Dilute now to 
300 c.c., mix, filter, and proceed to determine the ferrocydnido in por- 
tions of 50 or 100 c.c. of the fluid. As the space occupied by the pre- 
cipitate is not taken into account in this process, the results are not 
absolutely accurate ; the difference is so very trifling, however, that it 
may safely he disregarded. Gintl (loc. cit.) suggests to put the neutral 
or alkaline fluid in a tall vessel and add a few lumps of sodium amalgam 
as big as peas : in ten minutes the ‘reduction will be effected and with- 
out the aid of heat. 

Insoluble ferro- or ferricyanides, decomposable by boiling solution 
of potassa (as are most of these compounds), are analysed by boiling^ 
weighed sample sufficiently long with an excess of solution of pollissa 
(adding, in the case of ferricyanides, sulphate of protoxide of iron), and 
then proceeding as directed above. 

/ 3 . After E. Denssen. . 

Ferricyanides may bo analysed also by anotaer method, also devised 
lri my laboratory. It is founded on the fact that, when ferricyanide of 
potassium, solution of iodide of potassium, and concentrated hydro- 
chloric acid are mixed together, 1 eq. iodine (126*85) separates for every 
^ 1 - ferricyanide of potassium (329*63): H 3 Cfdy 4- HI = sll^Cfy + 1 . 
% determining the liberated iodine according to § 146, we learn tho 
quantity of the ferricyanide of potassium. Lenssen obtained in 4 ex- 
periments respectively, 99*22, — 101*7,— 102*1 , — too* 5, instead of 100. 
The fluid should not be diluted till after the addition of hydrochloric 
f| eid. C. Mohr 0 obtained still more accurate results, as he avoided 
the formation of hydroferrocyanio acid by adding solution of sulphate 

fine, thus obtaining, instead of the former, ferrocyanide of zinc, 
^hich is not in the least decomposed by iodine. He directs to mix the 
dilute solution of the ferricyanide of potassium with iodide of potassium 


* Annal. d. Chem. u. Pharm. 105, 62. 
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a nd hydrochloric acid in excess, add an excess of iron-free sulphate of 
zinc solution, neutralize the free acid with bicarbonate of soda added in 
slight excess, and determine the separated iodine according to § 146. 

y. To the estimation of ferrocyanogen in dyers’ baths, which con- 
tain oxidizable organic matter, H. Riieineck* * **• applies the fact that 
when solution of sesquioxide of iron is gradually added to ferrocyanido 
of potassium, no matter whether a mineral acid is present 01* not, a t 
first a clear blue fluid is produced, which becomes afterwards turbid, 
and when all the ferrocyanogcn is exactly thrown down a flocculcnfc 
precipitate of Prussian blue appears suspended in a clear colorless fluid. 
A certain measure of the bath is taken, and the same measure of a 
■standard solution of ferrocyanido of potassium ; to these are added a 
solution of sesquicliloride of iron from a burette till the flocculent pre- 
cipitate separates. The calculation is sufficiently obvious. 

8 . After E. Bonuo.f 

In the case of a fluid containing ferrocyanido of potassium, and also 
sulpliocyanide (for instance, the red liquor of tho prussiate works), the 
method given in a cannot be employed, as the hydrosulpliocyanic acid 
also reduces permanganic acid. The following method— depending on 
the precipitation of the ferrocyanogen with solution of sulphate of copper 
—may then be used; it is accurato enough for technical purposes. 
Dissolvo 10 grm. pure sulphate of copper to 1 litre, also 4 grin, pure 
dry ferrocyanido of potassium to 1 litre. Add to 50 c.c. of the latter 
solution (which contain ‘2 grm. ferrocyanido of potassium) copper solu- 
tion from a burette to complete precipitation of the ferrocyanogen. In 
order to hit this point exactly, from time to time dip a strip of filter- 
paper into tho brownisli-red fluid, which will imbibe the clear filtrate, 
leaving the precipitate of ferrocyanido of copper behind. .At first tho 
moist strips of paper, when touched with sesquicliloride of iron, become 
dark blue, the reaction gradually gets weaker and weaker, and finally 
vanishes altogether. We now know the value of the copper solution 
with reference to its action on ferrocyanido of potassium, and can, 
therefore, by its means test solutions containing unknown amounts of 
ferrocyanogen. If alkaline sulphides are present, they are first removed 
by boiling with carbonate of lead. After filtering off’ the sulphide of 
lead, acidify with dilute sulphuric acid, and then proceed. 

/ § 143. 


5. IIydrosulphuric Acid, 

I. Determydijfafc 

To determinffl^BPtiretted hydrogen in a mixture* of gases con- 
fined over merdipyit may be absorbed by a ball made of 2 P ar 3 
precipitated phofflpate of lead and 3 parts plaster of Paris. The im x j 
ture is made int<m paste with water, and pressed into a bullet moiu 
in which a platilum wire is inserted. The mould should previous ) 
be oiled. The balls' are dried at ioo°, saturated with concentrate 
phosphoric acid, and are then ready for use (Ludwic§). 


• Cltem. Centralbf 1871, 77& + Polytechn. Notizblatt, 16, 81. j, 

$ When this gaa remaiaa long in contact with mercury, sulphide of mere j 
liable to be formed. 

**• § Aunal. d. Chem. u. Pharm. 162, 55. 



HYDROCYANIC ACID. 


§ 148 .] 


1 


To determine sulpliuretted hydrogen dissolved in water the following 
methods are in use : — . # 

a The method of determining sulphuretted hydrogen volumetrically 
1 solution of iodine, was employed first by DurASQUiER ; it is very 
convenient and accurate. That chemist used alcoholic solution of 
iodine. But as the action of the iodine upon the alcohol alters the 
composition of this solution somewhat rapidly, it is better to use a 
solution of iodine in iodide of potassium. The decomposition is as 


follows : — 


HS + 1 = III + S 


j G n. 1= i 26*85 corresponds, therefore, to 1 eq. IIS =17. However, 
this exact decomposition can bo relied upon with certainty only if the 
amount of sulphuretted hydrogen in tho fluid does not exceed -04 per 
cent. (Bunsen). Fluids containing a larger proportion of sulphuretted 
hydrogen must therefore first bo diluted to tho required degree with, 
boiled water cooled out of the contact of air. 

The iodine solution of § 146 may be used for the estimation of larger 
quantities of sulphuretted hydrogen ; for weak solutions, e.g., sulphu- 
retted mineral water, it is advisable to dilute the iodine solution 5 times, 
so that 1 c.c. may contain *001 grm. iodine. 

The process is conducted as follows : — 

Measure or weigh a certain quantity of tho sulphuretted water, 
dilute, if required, in the manner directed, add some thin^ starch-paste, 
and then solution of iodine, with constant shaking or stirring, until tho 
permanent blue color begins to appear. The result of this experiment 
indicates approximately, but not with positive accuracy, the relation 
between the examined water and the iodine solution. Suppose you 
liavo consumed, to 220 c.c. of the sulphuretted water, 12 c.c. of a 
solution of iodine containing *000918 grm. iodine in the c.c.* Introduce 
now into a flask nearly the quantity of iodine solution required, add the 
sulphuretted water in quantity either already determined, or to be 
determined, by weight or measure ;f then to the colorless fluid add thin 
starch-paste, and after this iodine solution until tho blue color just 
begins to show. By this course of proceeding, you avoid the loss^ of 
sulphuretted hydrogen which would otherwise bo caused by evaporation 
3 nd T oxidation. In my analysis of the Weilbach water, 256 c.c. of the 
water required, in my second experiment, i6'2t6 c.c. of iodine solution, 
which, calculated to tho quantity of sulphuretted water used in the fiist 
e xperiment, viz., 220 c.c., makes 13*90.0., or 1*9 c.c. more. But even 
now the experiment cannot yet be considered quite conclusive, when 
made with a solution of iodine so dilute ; it being still necessary to 
ascertain how ..much iodine solution is required to impart the same blue 
lint to the same quantity of ordinary water mixed with starch-paste, or 
the same temperature^ and as nearly as possible in the same condition§ 
as the analysed sulphuretted water, and to deduct this from the quantity 
°f iodine solution used in the second experiment. Thus in the case 
Mentioned, I had to deduct *5 c.c. from the 16*26 c.c. used. It the 


■tt- * The numbers here stated are those which I obtained in the analysis of the 
weilbach water. 

t Compare Experiment, No. 82. X Anna!, de Chem. n. Pharm. 102, 186. 

§ In this connexion I would recommend, in cases where the sulphuretted water 
c °ntains bicarbonate of soda, to add to the ordinary water an equal quantity of tins 
as its presence has a slight influence on the appearance of the final reaction. 
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instructions liere given are strictly followed, this method gives very 
accurate results (see Expt. No. 82). 

b. Fr. Mohr’s method, slightly modified. 

' Mix the sulphuretted fluid with a slight excess of solution of arsenite 
of soda of known strength (determined by means of iodine solution, see 
§ 127, 5, a), and add hydrochloric acid to distinct acid reaction. Dilute 
to 300 c.c., pass through a dry filter, test a sample of the filtrate with 
sulphuretted hydrogen, to make quite sure that it still contains arson ions 
acid, and then determine in 100 c.c., after addition of powdered bicar- 
bonate of soda, the remainder of the arsenious acid left in it. Deduct 
the quantity of iodine solution consumed in the last part of the process, 
multiplied by 3 (as only 100 of the 300 c.c. have been operated upon), 
from that which corresponds to the entire quantity of arsenious acid 
used in the process : the remainder expresses the quantity of iodine 
solution corresponding to the sulphuretted hydrogen present. In unk- 
ing the calculation, bear in mind that 2 eq. iodine here correspond to 
3 eq. IIS, since 1 eq. As 0 3 decomposes, on the one hand, 3HS, produc- 
ing AsS t and 3HO, and requires, on the other hand, 2 eq. iodine for its 
conversion into arsenic acid. 

Very dilute solutions of sulphuretted hydrogen cannot be analysed 
by this method, as the sulphide of arsenic separating from them takes 
a long time to deposit, and a minute ■ portion of it invariably remains 
in solution.* 

c. Mix tfce sulphuretted fluid with an excess of solution of arsenito 
of soda, add hydrochloric acid, allow to deposit, and determine the 
sulphide of arsenic as directed §127,4. If the quantity of sulphu- 
retted hydrogen present is moderately large, the results are accurate 
-(compare Expt. No. 82); but in the case of very dilute solutions, the 
results are too low, as a little tersulphide of arsenic remains in solution. 
Hence in my analysis of the Weilbach waters, this method gave only 
•006621 and *006604 I )er 1000, whilst water taken from the well at the 
same time, and titrated with iodine, gave *007025. Instead of arsenious 
acid, solution of acetate of coppor and acetic acid or solution of silver 
may be employed as precipitant, and the sulphur determined in the 
.sulphide of copper as sulphate of baryta (see II.), or in the sulphide ot 
silver as metallic silver. The results obtained with acetate of copper 
are also too low, in the case of very dilute fluids. As regards pre- 
cipitation by silver solu^on, I cannot yet speak from actual experience. 
■IiYTEt recommends solution of chloride of silver in hyposulphite ot 
soda, mixed with a few drops of ammonia, as the most suitable for the 
purpose. In analysing a water containing sulphate of iron, LyteI 
threw down the sulphuretted hydrogen with freshly precipitated sulphate 
of lead, filtered off, washed, extracted the sulphate of *lead with hot 
solution of acetate of , ammonia, converted the residual sulphide into 
sulphate, and weighed th# latter. 

For tyjjtaalysis of mineral waters, the method a will always 
answer UV unless presence of hyposulphites should impair its 
accuracyjHWp , 

d. iQHRulphuretted hydrogen is evolved in the gaseous state, ant 

* A sortition containing in the litre ‘003 HS did not give with a solution of 
arsenious acid in hydrochloric acid, a precipitate admitting of filtration till attc 
lapse of twelve hours. 

v- t Comp, rend. 43, 765. $ Zeitschr. f. anal. Chem. 5, 44 1 * 
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large quantities are to be determined, the best way is to conduct it first 
through several bulbed U-tubes (fig. 95, p. 361), containing an alkaline 
solution of arsenite of soda, then through a tube connected with the 
exit of the last IJ-tube, which contains pieces of glass moistened with 
solution of soda ; to mix the fluids afterwards, and proceed as in b or c. 
If on the other hand, we have to determine small quantities of sulphu- 
retted hydrogen contained in a large amount of air, &c., it is well to 
pass the gaseous mixture in separate small bubbles through a very 
dilute solution of iodine in iodide of potassium, of known volume and 
strength, which is contained in a long glass tube fixed in an inclined 
position and protected against sunlight. The free iodine remaining is 
finally estimated by means of a solution of hyposulphite of soda (§ 146) ; 
the difference gives us the quantity of iodine which has been converted 
by sulphuretted hydrogen into hydriodic acid, and consequently corre- 
sponds to the amount of the sulphuretted hydrogen present. The 
volumo of the gaseous 1 mixture may bo known by measuring the water 
which has escaped from the aspirator used. The arrangement of the 
absorption tube is the same as is figured in connexion with the Deter- 
mination of Carbonic Acid in the Air. The thin glass tube conducting 
the gas into the absorption tube, however, must not bo provided with 
an india-rubber elongation. 

From my own experiments* it appears that sulphuretted hydrogen 
whether in small or large quantities may be also estimated by the in- 
crease in weight of absorption tubes. We have only to tqke care that 
the mixture of gases is first thoroughly dried by passing over chloride 
of calcium. To take up the sulphuretted hydrogen we use U-tubes, five- 
sixths filled with sulphate of copper on pumice, one-sixth at the exit 
containing chloride of calcium. To prepare the pumice with sulphate 
of copper, proceed as follows. Treat 60 grm. pumice in lumps the size 
of peas in a small porcelain dish with a hot concentrated solution of 30 
or 35 grm. sulphate of copper, dry the whole with constant stirring, place 
the dish in an air or oil bath of the temperature of 150° to 160 0 , and 
allow to remain therein four hours. A tube containing 14 grm. of this 
prepared pumice will absorb about *2 grm. sulphuretted hydrogen. It 
is well always to employ two such tubes. If the prepared pumice is 
dried at a lower temperature it takes up much less of the gas, if 
dried at a higher temperature the gas is decomposed and sulphurous 
acid is formed. This method is more completely given under the 
Analysis of Black Ash. 

Finally, small quantities of sulphuretted hydrogen mixed with other 
^ases may be estimated by passing through bromine water and convert - 

into sulphuric acid (compare II., A. 2). 

II. Separation and Determination of Sulphur in Sulphides. 

A. Methods based on the Conversion of tiie Sulphur into 
Sulphuric Acid. 

Methods in the Dry Way, 

a. Oxidation by Alkaline Nitrates (applicable to all compounds of 
8u lphur), If the sulphides do not lose any sulphur on heating, mix the 
pulverized and weighed substance with 6 parts of anhydrous carbonate 

* Zeitschr. f. anal. Cliem. 10 , 75* 
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of soda and 4 of nitrate of potassa, with the aid of a rounded glass r0( | 
wipe the particles of the mixture which adhere to the rod carefully 0 |f 
against some carbonate of soda, and add this to the mixture. Heat in 
a platinum or porcelain crucible (which, however, is somewhat atleeted 
by the process), at a gradually increased temperaturo to fusion ;* k e0{) 
the mass in that state for some time, then allow it to cool heat 
the residue with water, filter the fluid, boil the residue with a solution 
of pure carbonate of soda, filter, wash, remove all nitric acid from tlm 
filtrate by repeated evaporation with pure hydrochloric acid, and de- 
termine the sulphuric acid as directed in § 132. The metal, metallic 
oxide, or carbonate, which remains undissolved, is determined, ac- 
cording to circumstances, either by direct weighing or in .some 
other suitable way. In the presence of lead, before filtering, pass 
carbonic acid through the solution of the fused mass, to precipitate 
the small quantity of that metal which has passed into the alkaline 
solution. 

Should the sulphides, on the contrary, lose sulphur on heating, the 
finely powdered compound is mixed with 4 parts carbonate of soda. 
8 parts nitre, and 24 parts pure and perfectly dry chloride of sodium, 
and the process otherwise conducted as already given. 

b. Oxidation by Chlorate of Potassa . The oxidation of sulphides by a 
mixture of chlorate of potassa and carbonate of soda has been repeatedly 
recommended. There is this advantage in connexion with it, viz., that 
the sulphuric acid in tho fused mass may bo more readily converted 
into pure sulphate of baryta than when nitrates are present ; on tho 
other hand, — at least with the proportions usually recommended : 1 part 
sulphide, 3 parts chlorate of potassa, and 3 parts carbonate of soda 
(or 4 parts mixed carbonates) — the process is attended with the incon- 
venience that many sulphides, e.y., fahlerz and sulphide of antimony, 
occasion very violent oxplosions.f Also, with many sulphides, e.g., iron 
and copper pyrites, tho decomposition is not complete (Fit. Mohr). In 
these two respects therefore we must be cautious in the use of this 
method. H. Rose recommends 6 or 8 parts carbonate of soda and 1 
part chlorate of potash for 1 part of substance. 

c. Oxidation by Chlorine Gas (after Berzelius and H. Rose, espe- 
cially suitable for sulphosalts of complicated composition). 

The following apparatus, or one of similar construction, is used; 
corks should be used, ryflt india-rubber stoppers, and wherever there is 
an india-rubber connexion, the glass tubes should be close to each 
other. 

A is tho evolution flask, J B contains concentrated sulphuric acid, C 
chloride of calcium. D contains the substance; the straight tube 
should be rather narrow, and inclined slightly to prevent the heavy 
fumes from returning. E is the receiver containing water (or— in ^ 10 
presence of antimony — solution of tartaric acid in dilute hydrochloric 

* If the coal gas contains sulphur, some) is likely to be absorbed by the fusion— 
Prick, Journ. Chem. Soc. (2) 2, 51. If a platinum crucible is used, do not raw 
the heat more than necessary, or the crucible may be attacked. 

f Annal. d. Chem. u. Pharm. 107, 128. . er 

i Pour a perfectly cold mixture of 45 parts of sulphuric acid and 21 of wa j 
over one of 18 parts of chloride of sodium and 15 of finely powdered binoxn 
manganese, and Rhake, when a steady evolution of chlorine will at once bq, 
which, when it shows signs of slackening, may be promoted by a gentle heat. 
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acid), F is a U-tube also containing water, G conducts the escaping 
chlorine into a carboy filled with moist hydrate of lime. 



Fig. 97. 

When the apparatus is arranged, the sulphido to bo examined is 
weighed in a narrow glass tube sealed at one end, and subsequently 
cautiously transferred from this tube to tho .bulb, in the manner illus- 
trated by fig. 98, so as to prevent any portion of the substanco getting 
into tho ends of tho bulb-tube. 

When the apparatus is filled with chlorine, D is connected with G, 
and tho chlorine is allowed to act on the sulphide, at first without the 
aid of heat. When no further alteration is 
observed— the receiver K being full of chlo- 
rine — a very gentle beat is applied to the 
hulb, care being taken also to keep the tube 
0 warm, securing it thus from being stopped 
up by the sublimate of a volatile chloride. 

The sulphide is completely decomposed by 
the chlorine, the metals being converted into 
chlorides, which partly remain in tho bulb, 
partly — (viz., the volatile ones, as chloride 
of antimony, •chloride of arsenic, chloride of mercury) pass oyer 
into the receiver ; the sulphur combines with tho chlorine to chloride 
°f sulphur, which passes into E, where, coming in contact with 
^ater it decomposes with the latter, forming hydrochloric acid anp 
hyposulphurous acid, with separation of sulphur. The hyposul- 
pburous acid decomposes again into sulphur and sulphurous acid, 
which latter is at last, by the action of the chlorine water in E> con- 
Vei ‘ted into sulphuric acid. The final result of the decomposition is 
consequently sulphuric acid and a greater or less amount of separated 
sulphur. The separation of sulphur is troublesome, and may be 
Voided to a certain extent by heating slowly. The operation is con- 
QUANT. VOL. I. c 0 
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eluded when no more products — with the exception, perhaps, of sesqui- 
chloride of iron, the complete expulsion of which need not be awaited— 
pass oyer from the bulb. \ Heat is then applied to the bulb-tube, pro- 
ceeding from the bulb inwards the bend, so as to force all the chloride 
of sulphur and the volatile metallic chlorides to pass over into A’, or at 
least tq. oocupy the end of the bulb-tube. 

The apparatus- is left iindisturbe& a. short time longer, after winch 
the tube is cut off under the bend at 0 , And the separated end, which 
generally contains a portion of the volatile ohlorides, closed with a 
smooth cork or by inverting over it a glass-tube sealed at one end and 
moistened inside. The whole is now allowed, to stand 24 hours, to 
allow the volatile chlorides to absorb moisture, which will render them 
soluble in water without generating heat. The metallic chlorides in 
the cut-off end of the tube are then dissolved ih dilute hydrochloric 
add, the end is rinsed, and the solution added to the contents of the 
tubes E and F; a very gentle heat is now applied until the free 
chlorine is expelled, and the fluid is then allowed to stand until the 
sulphur has solidified. The sulphur is filtered off on a weighed filter, 
washed, dried, and weighed. The filtrate is precipitated with chloride 
of barium (§ 132), by which operation the amount of that portion of the 
sulphur is determined which has been converted into sulphuric add. 
The fluid filtered from the sulphate of baryta contains, besides the 
excess, of chloride of barium added, also the volatile metallic chlorides: 
which latter are finally determined in it by the proper methods, which 
will be found in Section V. 

The chloride remaining in the bulb-tube is either at once weighed 
as such (chloride of silver, chloride of lead), or where this is impracticable 
— as in the- case of copper, for instance, which remains partly as salt- 

chloride, partly as chloride — it is dissolved in water, hydrochloric add, 

nitrohydrochloric acid, or some other suitable solvent, and the metal or 
metals in the solution are determined by the methods already described, 
or which will be found in Section Y. To be enabled to ascertain the 
weight of the bulb-tube containing chloride of silver, it is advisable to 
reduce the chloride by hydrogen gas, and then dissolve the metal m 
nitric acid. < . 

In cases where you have only to estimate the sulphur, say in su 
stances containing also sulphuric acid, 0. Lindt* recommends con- 
ducting the chloride of^ulphur and the volatile metallic chlorides mtc 
pure solution of soda, when decomposition immediately takes ^ place, 
producing sulphide of sodium, hyposulphite . of soda, chloride 0 
sodium, and hypochlorite of soda. When the decomposition is over 
continue passing the chlorine for two hours through the soda, e* a 
porate then'to dry n ess, ignite the residue cautiously *to destroy tin 
chlorate of soda*Ht>lve in water, and estimate the sulphuric acu 
according to § 

* (l, Oxidatiotfmj Oxide of Mercury {after Bunsen). . . 

This metho# which will be found in detail, § 188, is particu a 
suited to theiistimation of siilphur in volatile compounds, or 
substances whifh when heated lose sulphur. 

- * geitgehr. f, anal. Chem, 4,* 370. 
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2. Methods in the Wet Way. 

a. Oxidation of the Sulphur by Acids yielding Oxygen, or by Halogens * 

a. Weigh the finely pulverized sulphide in a small glass tube sealed 
at one end, and drop the tube into a tolerably capacious strong bottle 
with glass stopper, which contains red fuming nitric acid (perfectly free 
from sulphuric acidt) in more than sufficient quantity to effect the 
decomposition of the sulphide. Immediately after having dropped in 
the tube, close the bottle. When the action, which is very impetuous 
it first, has somewhat abated, shake the bottle a little ; as soon as this 
operation ceases to cause renewed action, and the fumes in the flask 
have condensed, take out the stopper, rinse this with a little nitric acid 
into the bottle, and then heat the latter gently. 

aa. The whole of the Sulphur has been oxidized , the Fluid is perfectly 
dcar:+ Evaporate with somo chloride of sodium, towards the end 
adding pure hydrochloric acid repeatedly, cooling the dish each time 
before adding the acid. Dilute with much water, and determine the 
sulphuric acid as directed § 132. Make sure that the precipitate is 
pure, if it is not, purify it according to § 132. Separate the bases in' 
the filtrate from the excess of the salt of baryta by the methods given 
in Section Y. 

bb. Undissolved Sulphur floats in the Fluid : Add chlorate of potassa 
in small portions, or strong hydrochloric acid, and digest some time on 
a water-bath. This process will often succeed in dissolvingithe whole 
of the sulphur. Should this not be the case, and the undissolved 
sulphur appear of a pure yellow color, dilute with water, collect on a 
weighed filter, wash carefully, dry, and weigh. After weighing, ignite 
the whole, or a portion of it, to' ascertain whether it is perfectly pure. 
If a fixed residue remains (consisting commonly of quartz, gangue, Ac., 
but possibly also of sulphate of lead, sulphate of baryta, &c.), deduct 
its weight from that of the impure sulphur. In the filtered fluid 
determine the sulphuric acid as in aa, calculate the sulphur in it, and 
add the amount to that of the undissolved sulphur. If the residue left 
upon the ignition of the undissolved sulphur contains an insoluble 
sulphate, decompose this as directed in § 132, and add the sulphur 
found in it to the principal amount. 

In the presence of bismuth, the addition of chlorate of potassa or of 
; hydrochloric acid is not advisable, as chlorine\interferes with the< 
[determination of bismuth* 

0- Mix the finely pulverized metallic sulphide in a dry flask, by 
snaking, with powdered chlorate of potassa (free from sulphuric 
^d), and add moderately concentrated hydrochloric acid in small 
portions. Cover* the Jlask with a watch-glass, or with an inverted 
smi Ul flask. After digestion in the cold for some time, heat gently, 


Parable t eSen ° e °* * ea( ^ baryta, strontia, lime, tin, and antimony, method b is. 

Nr>or^ ^ ^ or 8u lphnric acid in nitric or hydrochloric acid, it is necessary to 
Ehlori rl V? a . Wa ter-bath nearly to dryness and take up with water before adding 
Md ini 11 1 ar * tim - When the acid cannot be 'got pure, determine the sulphuric 
f /uu allow for it. 

L]tg can of course be the case only in absence of metals forming insoluble 
P a t ca lta . Ru ^Phuric acid. If such metals are present, proceed as in bb, as it is in 
ptaiu e (|^ eSS eas y j udgo whether complete oxidation of the sulphur has been 
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finally on the water-bath, until the fluid smells no longer of chlorine 
Proceed now as directed in a,a«, or bb, According as tho sulphur jj 
completely dissolved, or .not.; / JEn, the latter case you must of course 
immediately dilute, and’ filter*; ^'Thd oxidation of the sulphur rnav be 
usually .efleeted more - duiOkly : and' completely by warming with nitric 
acid of 1*56 sf>i gi*. QU a .^ater-bath,- and adding chlorate of potash in 
small portions, .Compare Storer,* Pearson, and BowDrrcu.f 

y. Aqua regia is also frequently used. J. .LefortJ recommends 
a mixture' of 1 part strong hydi-ochlonc acid, and 3 parts strongest 
nitric acid. . 

v. Bromine may also bo used. Pyrites or blende is digested at a 
gentle heat with -water, and bromine gradually added. , If the sulphides 
have been prepared in the wet way, good bromine Water is sufficient 
to oxidize them. P. Waage§ prefers bromine to all other wet agenh, 
and advises its purification by distillation in an apparatus from which 
all caoutchouc connexions are excluded. 

b . Oxidation 0/ the Sulphur by Chlorine in A lkaline Solution, aWr 
Bivot, Beudant, and I)aguin.|| (Suitable also for determining tho 
sulphur in the crude article). 

Heat the very finely pulverized sulphide or crude sulphur for 
several hours with solution of potassa free from sulphuric acid (which 
dissolves free sulphur, as well as the sulphides of arsenic and antimony), 
and then conduct chlorine into the fluid. This speedily oxidizes the 
sulphur ; the sulphuric acid formed combines with the potassa to 
sulphate, which dissolves in the fluid, whilst tho metals converted into 
oxides remain undissolvcd. Filter, acidify tho alkaline filtrate, ami 
precipitate the sulphuric acid by chloride of barium (§ 132). Arsenic 
and antimony pass into the alkaline solution in the form of acids, but 
not so lead, which is converted into binoxide, and remains completely 
undissolved. This method is, therefore, particularly suitable in presence 
of sulphide of lead. In presence of sulphide of iron, sulphate of potassa 
is formed at first, and hydrate of sesquioxido of iron, which, if tk' 
action of the chlorino is allowed to continue, begins to bo converted 
into ferrate of potassa. As soon, therefore, as the fluid commences 1° 
acquire a red tint, the transmission of chlorine must be discontinued 
and the fluid gently heated for a few moments with powdered quartz, 
to decompose tho fernp acid. 

It occasionally Nippon s, more particularly in presenco of sand, 
iron pyrites, oxido of copper, &c., that the process is attended wuli 
impetuous disengagement of oxygen, which almost completely preven * 
the oxidizing action of the chlorine. However, this accident nap 
be guarded against by reducing the substance to the very fi nCs 
powder. * , 

c. Regarding the method of Cloez and Guignet (by p^rmanga na 
of potash) see the Analysis of Gunpowder. 

B , Methods Based on the Conversion of the Sulphur i >' t0 
Sulphuretted Hydrogen or a Metallic Sulphide. ^ 

a. The determination of the sulphur in the sulphides of the 
of the- alkalies and alkaline earths soluble in water is best elloctc 

* Zeitscbr. f. anal. Chem. 9, 71. + 76 . 9, 82. 

i. % lb. 10,206. 
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provided they are free from excess of sulphur-— by I., b or c. In the 
absence of acids of sulphur you may also convert the sulphur into sul- 
phuric acid by bromine water. The bases are conveniently estimated 
iu a separate portion, which is decomposed by evaporation with hydro- 
chloric or sulphuric aci(I, 0r— when' none but alkali-metals are present— 
Ijv ignition with 5 parts of chloride of ammonium in a porcelain crucible. 
It the compounds .contain excess of sulphur they should bo oxidized 
cither by chlorine In Alkaline solution, or treated according to 71 , c, or (7; 
if they contain hyposulphite^ or sulphite, proceed according to § 168. 

b. The sulphur Contained' in alkaline fluids as monosulphide or 
livdrosulphate of tljo sulphide may also he determined directly by 
volumetric analysis; by, means of a standard aminoniacal silvor or 
copper solution. In using the former, mix the solution with ammonia, 
heat and add the standard fluid till on filtering of! a small portion, and 
adding silver solution, a mere opalescence is produced (Lestell !<:*). 
In using the copper solution, mix the fluid to be tested with ammonia, 
heat to 50° or 6o°, and add the standard solution, frequently shaking 
and boiling till no further precipitation of OuO, 5 OuS is produced, and 
the solution begins to ho blue ( V erstii AET t ) . To make a standard 
copper solution, 1 c.c. of which shall equul -oi NaS, dissolve 9754 pure 
copper in 40 grin, nitric acid, boil, add 180 to 200 c.c. ammonia and 
water to 1 litre. These methods are well adapted for technical purposes, 
for the estimation of sulphide in soda lies for instance.* It need 
hardly he added that precipitated sulphide of silver, copped, or lead (if 
you have used a solution of oxide of lead in potash) may be estimated 
gravimetrically. 

c. If all the sulphur can be expelled from the substance in the 
form of sulphuretted hydrogen by beating with hydrochloric acid, the 
sulphide may be heated in a small flask with the concentrated acid to 
complete decomposition and expulsion of the sulphuretted hydrogen — 
the latter being determined according to I. If the substanco is a fluid,, 
the apparatus on p. 341 (for the expulsion of carbonic acid) is to be 
recommended for tho disengagement of the sulphuretted hydrogen. The 
tube h should be replaced by a small condenser fixed upright (see tho 
Analysis of Black Ash). In the ease of polysulpliides the sulphur 
separated in the evolution flask is collected on a filter dried at ioo° r 
'Washed, dried first at 70°, then for a short tiniest ioo°, and weighed. 

C . Method Based on the Separation and Weighing of 
the Sulphur. 

in- following process has been advantageously employed by M. 
outreuxJ forjbhe estimation of sulphur in alkaline polysulpliides - 
kx tract, 10 grm. with boiled water, make the filtrate up by washing 
°l V 30 £ rm - or c.c., and transfer 10 *grm. or c.c. (which contain the 
? u 0 P ar t of 1 grm. of the substance) to a burette, with a glass tap, 
4 ° to 45 c.c. capacity r whoso exit is cut off obliquely and plso narrow, 
i ac l c l» shaking tho closod burette, from timo to time, a solution of 
1110 i 11 iodide of potasium (1 part iodine, 5 parts iodide of potassium, 
°P«uts water) till it just ceases to be decolorized, and a portion of tho 
uk ceases to brown a piece of paper whicli has been saturated with 
utlou °f sulphate of iron and dried. Add 8—10 c.c. bisulphide of 

* Zeitsclir. f. anal. Chom. 2, 94. f lb. 4, 216. t lb A, 390. 
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carbon, close the burette, place the finger on the stopper and shake 
Hold the burette for some time inverted, then turn it round, and rmi 
nea*J^ the whole of the solution of the sulphur in bisulphide of carbon 
into a weighed dish, add a fresh quantity of bisulphide of carbon to the 
burette, mix, run the . bisulphide again into the dish and repeat the 
operation once more. . After the evaporation of the bisulphide the resi- 
dual sulphur is weighed. 

THIRD GROUP. 
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i. Nitric acid. 


. , I. Determination. 

Free nitric acid in a solution, containing no other acid is determined 
either by finding its specific gravity or in the volumetric way, by 
neutralizing with a dilute solution of soda of known strength (comp. 
Acidimetry). The following method also effects the same purpose: 
mix the- solution with baryta water, until the reaction is just alkaline, 
evaporate with addition of pure carbonic acid water, nearly to dryness, 
dilute the residue with water, filter the solution which has ceased to bo 
alkaline, w*sh the carbonate of baryta, add the washings to the filtrate, 
and determine in the fluid the baryta as directed in § joi. Calculate 
for each i eq. baryta i eq. nitric acid. Lastly, free nitric acid may 
also be determined in a simple manner by supersaturating with am- 
monia, evaporating in a weighed platinum dish, drying the residue 
at no 0 to i 2 o°, and weighing tho NII 4 0,N0 6 (Sciiaffgotscii). The 
amponia should of course be tested to see that it leaves no residue on 
evaporation. 


II. Separatioii of nitric acid from the bases , and determination 
the acid in nitrates. 


of 


The determination of nitric acid in nitrates is an important and 
occasionally a difficult problem, which has of late years much occupied 
the attention of chemists. Before entering upon the consideration o 
the question, I wouj^I lay it down as a general rule, that whatevei 
method may be selected should always first be tried repeatedly upon 
weight quantities of a pure nitrate, that some familiarity with the 
details of these rather complicated processes may be acquired. y’j' 
sidering the great number of methods that have been proposed, I s “ il 
confine myself to describing the simplest and the best.* 


a. Methods based on the expulsion of the acid in the Dry }$$}' , ^ 

n. In salts of the heavy metals or the earths, the detestation o 
nitric acid may be effected by simple ignition of the anhydrous coni 
pound. If we are certain that the oxides remain i*$he same comh u , 
in which they were contained in the decomposed sail, the loss of ^ 0J of 
indicates at once the quantity of nitric acid present. n0 

/3. In the . case of nitrates, whose residue oi> ignition has 
constant composition, or by whose ignition the crucible w w ^ 
attacked (alkaline and alkaline earthy nitrates), fuse the sU 
(which must be anhydrous and also freo from organic and other vo i 
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bodies) with a non-volatile flux, and estimate the nitric acid from the 
loss. The following bodies have been proposed as fluxes vitrified 
borax, by v. SchaFFGOTSCH* (3 parts of borax-glass to 1 part ef the 
nitrate), bichromate of potassa, by EERSozt (2 parts to 1 of nitrate), 
and silicic ac^l by Reich.* All three .yield satisfactory results, when 
the experiments are performed with careful regard .to the peculiarities 
of the individual fluxes.§ Silicic acid' is the best, as it may be readily 
procured, and the execution is-the^moSt easy and the most certain to 
succeed. I shall describe* the method in its application to nitrate of 

potassa or soda. 

Fuse th$ latter at A lovv temperature, pour out on a warm porcelain 
dish, powdfemjT dry again before weighing. Now transfer to a 
platinum 2 to 3 grm.'powdered quartz, ignite well andweigh 

after cooling. Add about *5 grm. of the salt prepared as above, mix 
well, and convince yourself by the balance that nothing had been lost 
during mixing. The covered crucible is then exposed to a low red 
beat (just visible by day) for half an hour, and weighed after cooling 
with the cover. The loss of weight represents the quantity of nitric 
acid. Sulphates or chlorides are not decomposed at the given tempera- 
ture; if a higher heat be applied, the latter may volatilize. f \ The action 
of reducing gases must be avoided. The test-analyses, communicated 
by IIeicii ( loc . cit.), as well as those performed in my own laboratory, || 
gave very satisfactory results. 


b. Method based on the distillation of the Nitric Acid. 

■ All nitrates may be, decomposed by distillation with moderately 
dilute sulphuric acid. The nitric acid passing into the receiver may 
tiien be determined, according to I., volumetrieally or gravi metrically. 
Hus process, originally recommended by Gladstone,^ was' afterwards 
carefully studied by H. Hose and Finkeneu.** 1 to 2 grm. the 
nitrate should be treated with a cooled mixture of 1 volume’ con- 
centrated sulphuric acid and 2 volumes water. For 1 grm. nitre 
take 5 c.c. sulphuric acid and 10 c.c. water. The distillation may he 
performed either with a thermometer at i6o°to 1 7 o° in a paraffin or 
fcand-bath (duration of the distillation for 1 or * 2 grm. nitre, 3 to 4 
lours), or in vacuo, with the use of a water-bath. The latter process is 
ie best. In the former, tho neck of the tubulated retort (which is 
lawn out and bent down) is connected with a bulbed U-tubo containing 


J? eas Y re< \ c l uan bity of normal soda or potassa solution (§ ^15.) The 
distillation ™ vacuo may be conducted, without the use of afi air-pump, 
according to Finkener, as fellows : transfer the measured quantity of 
water and concentrated sulphuric acid to the tubulated retort, and the 
quantity of standard potassa'. ofr soda solution diluted to 30 c.c. 
° with a narrow neck of about 200 c.c. capacity. Then, by 

an india-rubber tube, connect tlie flask with the retort air- 
So that the drawn-out point of the latter may extend to the body 
0 j flask, a n^— with tubulure open — heat the contents' of the retort 
ari(1 of the liaskxo boiling,* When the air has been expelled from the 

t £°£S* Antial. 57, 260. f Repertoire de Ohim. appliquee 253. 

L j r ^86 Un ^ ^iittemniianische Zeitachrift, 1861, No. 21 Zeitschr. f. anaL 

§ Zeitschr. f. anal. Chem, i, iSl. II lb. I, 184. 

“ ^bem. Gaz., 1854, 398. ** Zeitachr. f. anal, Chem. 1, 309. 
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apparatus by long boiling, transfer the salt (weighed in a small t u i )C \ ti) 
the retort though the tubulure, close the latter immediately, and at tl^ 
same time take away the lamp. The retort is then heated with a wnlci 
bath, the flask being kept cool. The quantity of nitric acid tlmt W 
passed over is finally ascertained by determining the still free alkali 
with standard acid. If it is suspected that all the nitric acid 1ms not 
been driven into the receiver by one distillation, you may — by healin ' 
the flask and cooling the retort — distil the water back into the hitler 
and then the distillation from the retort maybe repeated. The distillate 
thus obtained is always free from sulphuric acid, hence the results are 
very exact. The base remains as sulphate in the retort. In the pre- 
sence of chloride add to the contents of the retort a sufficiency of dis- 
solved sulphate of silver, or — when much chloride is present- moist oxide 
of silver. The nitric acid is then obtained entirely free from chlorine. 

c. Methods based on the decomposition of Nitrates by Alkalies and 
A Ikalin e E a rths. 

a. Nitrates, whose bases are completely separated by causlic or car- 
bonated alkalies— provided basic salts are not precipitated at the same 
time — may be analysed by simple boiling with an excess of standard 
potassa or soda or their carbonates. After cooling dilute lo ,[ oi l 
litre, mix, allow to settle, draw off a portioq of the supernatant clear 
fluid, determine the free alkali remaining in it, and calculate therefrom 
the amount consumed by the nitric acid. This process was employed by 
Larger and Wawnikiewicz,* but was, however, already known. 
Hayes obtained with the nitrates of silver and bismuth good results; 
but with the subnitrate of mercury (using carbonate of soda) the results 
were not so satisfactory. t If the method is applied to nitrate of am- 
monia you must heat after adding the alkali till all the ammonia is 
driven oft*. 

It need hardly be mentioned that tlie method is inapplicable in the 
presence of any other acid. 

ft. In nitrates whose bases are precipitated by baryta, lime or their 
carbonates (or by freshly prepared hydrosulphate of sulphide of barium 
free from hyposulphite, ClausJ), the acid may be estimated by precipi- 
tating hot or cold, filtering, passing carbonic acid if necessary, heating 
filtering, and estimating tlio baryta by sulphuric acid, i eip - i ct h 
nitric acid. In applying the method to nitrate of bismuth you must 
boil after adding the hydrate of baryta till the oxide of bismuth is yellow 
(Huge, Ludecke§). 

d. Methods based on the decomposition of the Nitric Acid by Proto- 
chloride of Iron. * 

a. Pelouze^ij^b tlwf first to turn the action of free nitric acid upon 
protochloride of ii* 6 n to account for the determination of nitric nciu. 
The decomposition is as follows : 

6 FeCl + K0,N0 8 + 4 IIC1 = 4 HO + KC1 + 3 Fe 2 Cl 3 + N 

In Pelouz^’s method a known quantity of protoclilorido 
excess is used, and the portion which remains unchanged 

* Annal. d. Chem. u. Pharm. 117, 230. 

+ H. Rose, Zeitschr. f. anal. Chem. 1, 306. 

+ Zeitschr. f. anal. Chem. 1, 372. '§ lb. 6, 233. 

H Journ. f. prakt. Chem. 40, 324. 


of iron in 
determined 
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by permanganate. His method of operating is given in the note f it 
wives occasionally satisfactory results, but can never be relied on, in 
which view all agree who have subjected tlio question to a critical 
examination (compare Fr. MonR,f and Aisel and BloxamJ). The 
results of numerous experiments made in my own laboratory lead to tlio 
same conclusion. 

The following may he mentioned as causes of the defectiveness of 
the method : — 

a. Action of the air upon the nitric oxide present in the flask with 
aqueous vapor, which leads to the re-formation of nitric acid ; this may 
he held to be the principal pause of the inaccuracy of the method. 

b. Incomplete'. expulsion of the nitric oxide from the fluid, which 
leads to the Reduction of a larger amount of permanganate than cor- 
responds to the' protochloride of iron ; this is to be apprehended only 
in the case of dilute solutions. 

c. Escape of nitric acid before it has acted upon the protochloride of 
iron ; this is to be apprehended in cases where the fluid, after addition 
of the nitrate, is boiled very rapidly, and the excess of protochloride of 
iron is comparatively small. 

d. Occasionally also loss of iron, owing to want of proper care in 

boiling, and to he apprehended more especially if part of the proto- 
chlorido of iron deposits on the sides of the vessel above tho fluid, in 
the solid state. • 

I have succeeded in modifying Pelouze’s process so as to avoid all 
these sources of error, and to obtain perfectly accurate and reliable 
results. My process is conducted as follows : — 

Select a tubulated retort of about 200 c.c. capacity, with a long 
neck, and fix it so that the latter is inclined a little upwards. Intro- 
duce into the body of the retort about 1*5 grin, fine pianoforte wire, 
accurately weighed, and add about 30 or 40 c.c. pure fuming hydro- 
chloric acid. Conduct now through the tubulure, by means of a glass 
tube reaching only about 2 cm. into the retort, hydrogen gas washed 
b y solution of potassa, or (preferably) pure carbonic acid, and connect 
fbo neck of the retort with a U-tubo containing some water. Place 
the body of tho retort on a water-bath, and heat gently until the iron 
is dissolved. Let the contents of the retort cool in the current ot 
hydrogen or carbonic acid ; increase the latter, and drop in, through 
le ^ e °k of the retort, into the body, a small tube containing a weighed 
portion of the nitrate under examination, whidh should not contain 
Jflore than about *2 grm. of nitric acid. After restoring the connexion 
etween. the neck and tho U-tube, heat tho contents of the retort in 
iG water-bath for about a quarter of an hour, then remove the water- 

. b beat with tlio lamp to boiling, until the fluid, to which the nitric 
pxido had imparted a dark tint, shows the color of sesquichlorido of 
tfon, and continue boiling for some minutes longer. Care must be 

. • , Dissolve 2 grm. pianoforte wire in 80 — 100 c.c. puro concentrated hydrochloric 
p ' v l^h the aid of heat, in a flask holdiug about 150 c.c., which is closed by a 
th K a glass tube fitted in it. When the wire is dissolved, add 1*2 grm. of 
rp ni* 11 i^ e P°tassa or an equivalent quantity of another nitrate to be analysed, 
wWi C °i t le C01> k, and heat rapidly to boiling. After 5 or 6 minutes pour the fluid, 
and ^ n ?' v a gam cleared, into a larger-sized flask, dilute largely with water, 
urate with permanganate. 

t lidirbuch der Titrirmethodo, 1,216. 

$ Quart. Jouru. Chctn. !Soc. 9, 97. 
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taken to givo the fluid an occasional shake, to prevent the deposition 
of dry salt on the sides of the retort. Before you discontinue boiling 
increase the current of hydrogen or carbonic acid, that no air may enter 
through the U-tube when the lamp is removed. Let the contents cool 
in the current of #gas, dilute copiously with water, and determine the 
iron still present as protochloride with bichromate or permanganate. 
*168 of iron converted by the nitric acid from the state of proto- to that 
of sesquichloride correspond to 54'°4 nitric acid. My test-analyses 
of pure nitrate of potassa gave ioo*i — 100*03 — 100*03 an d 10005, 
instead pf 100.* 

/3. Since we have learnt how to titrate sesquioxide of iron with accu- 
racy directly, it is, as a rule, more convenient and exact, not (as in «) 
to estimate the protoxide of iron remaining unoxidized after the action 
of the nitric acid, but, as C. D. BiiAUNt has pointed out, to determine 
the sesquioxide produced. I can recommend the following mode of 
operating as the best.J Besides the requisites for titrating sesquioxide 
of iron by means of protochloride of tin, given p. 225, you must have 
an acid solution of protoxide of iron, which is conveniently prepared 
by dissolving 100 grm. sulphate of iron (as free as possible from sosqui- 
oxide) in 150--200 c.c. hydrochloric acid of rio~ri2 sp. gr. by the 
aid of heat in a 4 litre flask, and filling up to the mark with strong 
hydrochloric ackl As, however, it is not easy to keep this solution 
perfectly free from sesquioxide, the small quantity of the latter present 
is determined with protochloride of tin in 50 c.c. (p. 225). It is well 
to heat the solution in a current of carbonic acid and titrate it imme- 
diately before or after the analysis. > 

Transfer the weighed nitrate (containing not above *2 nitric acid) to 
a long-necked flask, fitted with a doubly perforated cork. The latter 
carries two glass tubes, one of which nearly reaches into the hod) 0 
the flask, while tho other only just enters it. Pass carbonic acn 
through the former till all the air is driven out, add 50 c.c. of 10 
sulphate of iron solution, pass the gas again for some time, then heat, 
at first gently, gradually to boiling, till the fluid has lost its blac ’15 J 
color, and has taken the pure tint of the sesquichloride of iron, and 1 
the escaping gas ceases to blue dilute starch-paste mixed with iodu e 0 
potassium when passed into it. Now remove the cork with the tu 
rinse the longer ope if necessary, and after diluting with twice 1 * 
volume of water, determine tho sesquichloride present according ^ 
p. 225. The cooling (for the purpose of estimating the small excess 
tin solution with iodine) is advantageously conducted in the stream 
carbonic acid. Deduct- from the protochloride of tin used first the sn^ 
excess, ascertained by iodine solution, secondly the slight amoun , c ^ 
responding to the sesquioxide contained in the 50 c.c?. of protoxu^ ^ 
iron solution employed; the remainder gives the iron in the sesq ul °- 
produced, and, if this is multiplied by *32167, the nitric acid, 
factor is obtained thus — 

6eq.Fe(i68) : t eq.NO,(54*o4) :: the iron present as sesquioxide : *• 

It will be seen that it is best, once for all to multiply the 
quantity, jjf iron in 10 c.c. of the solution of sesquichloride ve 

* Annal. d. Chem. u. Pharra. 106, 217. + Journ. f. prakt. Che®- ^ ir° n 

J Where one or two estimations only are to be made you may 
wire in hydrochtyrio acid as in a. 
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have no standard sesquichloride of iron, you may L , 

directly on nitric acid,, by adding a weighed quantity of nitrate of 
nntash to 10 o.c. of the suphato of iron solution, and determining the 
bichloride of iron produced as above. Results thoroughly good 
when the work is correct, and all tjhe estimations succeed each other 
immediately. 1,1 


v. SoHLdsiNo’s method.t . „ .-it 

The following method, employed by Sohloswo , more particularly 
to determine nitric acid in tobacco, and which affords this very impor- 
tont advantage, that it may be used in presence ot organic matter has 
successfully passed through tho ordeal of numerous and searching 
experiments. 



Fig. 99. 


The process is conducted in the apparatus shown in fig. 99 * 

The dissolved nitrate is introduced into the balloon A, whose drawn- 
out neck is connected, by means of an india-rubber tube a, with a 
narrow glass tube b ; c is another caoutcliouc-tubo connected with o, 
and 15 cm. long. The solution of the salt, which must be neutral or 
alkaline, is boiled down to a small volume, the aqueous vapor com- 
pletely expecting the air from A and the tubes c is dipped into a glass 
containing a solution of protochloride of iron in hydrochloric acic , 
the lamp removed, and the receding regulated by compressing io 
caoutchouc-tube c with the fingers ; when the iron solution is near y 
absorbed, sonfe, hydrochloric acid is allowed to recede, three or tour 
timos, i n separate portions, to free tho tube completely from proto- 
chloride of iron, which is absolutely necessary. Before air can orce 
its way, c is closed by an iron clip, dipped under the mercury m tlu> 
tf ough, and the end placed under the bell B. The lamp is now re- 
placed under A, to allow tho reaction to proceed; immediately after, 
the clip i s replaced by the compression of the fingers, which are a so 
removed from it as soon as a pressure is felt from within. 1 io 

, * ZeitBchr. f anal. Chem. i, Holland gives a method in which the use of 
yurogcu or carbonic acid is dispensed with, Chem. News, 17, 219. 

t Annal. de Chiin. (3) 40, 479- 
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reaction is generally terminated in about eight minutes, when c is 
removed from under B. Tlio latter is a small bell-jar, made out of an 
adapter; it must hold three or four times the volume of the gas to bo 
received; in cases where the evolution of gas is rather 
impetuous, it is occasionally necessary to submerge the 
bell-jar in the trough, to effect a more speedy cooling 
of the vapour. The upper part of B is drawn out, as 
shown in fig. ioo, to facilitate its subsequent insertion 
into the caoutcliouc-tube, and also the breaking olf of 
tho point. The bell-jar is first filled with water, to 
expel the air from it, then with mercury ; milk of lime, 
previously boiled, is then finally introduced into it, by 
means of a curved pipette, which series to free tho 
nitric oxide entering B from every trace of acid vapor. 
The nitric oxide has now to be transferred to the bal- 
loon C , to be there reconverted into nitric acid by 
oxygen. Tho balloon C contains some water ; if is con- 
nected by a caoutcliouc-tube, d , with a glass-tube, e f 
Fig. ioo. which bears at the opposite end another thin caoutchouc* 
tube /, 10 cm. in length. 

The water in 0 is now heated to boiling, until all air is expelled 
from the balloon and tho tubes by the aqueous vapor ; /is connected 
with the point of the bell-jar B, which lias just before been sliglillv 
scratched wi$h a diamond, and the end of the point is then broken oil'. 
The aqueous vapor condenses at first in the bell-jar, and at the .same 
time expels the small quantity of milk of lime remaining in the point. 
But if the lamp is now removed, a current in the opposite direction 
speedily sets in, which drives tho nitric oxide into the balloon C, Should 
this proceed too rapidly, / need simply be compressed with the fingers. 
As soon as the milk of lime in the bell-jar lias nearly reached the run. 
of/,/ is closed by a clip. To transfer the last traces of the nitric oxide 
to C, pure hydrogen (20 or 30 c.c.) is conducted into the bell-jar, and 
allowed to be absorbed as before. / is then closed by the clip, its era, 
taken off from the point of tho bell-jar, and connected instead with the 
glass-tube h, of the oxygen-jar D ; the cock r is now opened, and then 
the clip also, which will cause oxygen to pass into C. When the object 
of the operation has been attained, r is closed, and h and / are discon- 
nected ; after waiting a quarter of an hour, the nitric acid reproduced is 
determined by means of very dilute solution of soda (§215). 

The success of this method depends essentially upon tho complete 
expulsion of the air from A and C. Schlosino obtained highly satis- 
factory results byjjjfc* Some test-analyses made in my own laboratory, 
and by R. Fa|MpG,t and H. Gkouven, and E. Schulze,? ' ve j'° 
also unimpcac^^K Where the quantity of nitric acid is only simu , 
it is advisabjfflo increase tho amount of protochloride of iron consi- 
derably. , • 

It will be Evident at once that while retaining tho principle or tn 
method, the apparatus may be modified in various ways. Scnnosix 
recommends for the estimation of quantifies of nitric acid under *01 
a slightly different apparatus. Fruhling and Grouven made sevci 

* Zeitschr. f. anal. Ohem. i, 39. 

+ Landwirfchschuftl. Veisuelmtat. 9, 14, and 150. 

£ Zeitschr. f. anal. Chun. 6, 384. 




NITRIC ACID. 


397 


§ 149 .] 

changes in the apparatus, but these were not of great importance. E. 
Rkiciiardt* dispenses with tlie mercurial trough, and receives the 
nitric oxide in a vessel filled with soda solution, after having expelled 
all the air by means of hydrogen. As, however, it is difficult to procure 
hydrogen free from oxygen, this modification is liable to'give low results. 

In Schulze’s modification, described by H. Wulfert,+ the evolved 
nitric oxide is received in a bell-glass provided with a glass tap and 
tilled with mercury, then passed into a measuring tube and measured. 
In the presence of a foreign gas, the latter is determined by absorb- 
ing the nitric oxide with protochloride of iron. AVulfert, however, 
newer found more than *33 c.c. of gas left unabsorbed. The results 
wero excellent, even with very minute quantities of nitric acid, and in 
the presence of much organic matter. 

e. Methods based on the conversion of the Nitric Acid into Ammonia, 
If a nitrate is heated in an alkaline fluid in which hydrogen is 
evolved in the nascent state in sufficient quantity, all the nitric acid 
may he converted into ammonia, $ so that from the amount of the same 
the quantity of the nitric acid may he accurately deduced. Sciiulzk§ 
was the first to apply this principle to the estimation of nitric acid, 
W. Wolf, || IIarcourt, and Siewert** soon followed. Subsequently 
the method and the apparatus were modified by Bunsen+I and IIager.^J 
Schulze reduces with platinized zinc; W. Wolf, IIarcourt and 
Siewert with zinc and iron filings; Bunsen with a zinc-iron spiral. 
The employment of zinc and. iron appears to give the best results ; I 
shall, therefore, first descibe Harcourt’s process, in which aqueous 
solution of potash is used, and then Siewert’s, in which alcoholic 
solution of potash is used. Organic matter destroys the accuracy of 
the results (Fruiiling§§). Opinions differ considerably regarding the 
value of the method, even in the absence of organic matter. Although 
ITarcourt’s and Siewert’s test-analyses wero unexceptionable, 
Wolf (loc. cit.) gives the following three conditions as essential to 
success : ( 1 ) The conversion of the nitric acid into ammonia must take 
place in the cold— by heating during the evolution of hydrogen, 
ammonia is lost, probably from the escape of nitrogen as such; (2) 
To obtain a good and uniform evolution of hydrogen, zinc and iron 
must he used in conjunction ; (3) The potash or soda must he dissolved 
in from 7 to 8 parts of water, neither more nor less. These directions 
are, in part, quite inconsistent with tlios^ given by Harcourt. 
TTnkener|| || rejects all methods founded on this principle, on the 
grounds that, although the whole of the nitric acid is decomposed, it 
is not all converted into ammonia. For myself, I have not studied the 
method enough to pronounce authoritatively upon it ; but I must say, 
that both IIXrcourt’s and Siewert’s processes have generally given me 
good results. # . 

IIarcourt employs the apparatus represented in fig. 10 1. Begin 

Zeitsclir. f. anal. Clicm. 9, 24. + lb. 9, 400. 

+ The conversion in acid solution is only partial. — L. Gmklin, Martin. 

§ Cliern. Oentralbl. 1861, 657 and 833. 

II Chem. Ccntralbl. 1862, 379 ; Journ. f. prakt. Chem. 89, 93 ; Zeitsclir. f. anal. 
Chem. 2, 401. 

h Journ. Chera. Soc. 15, 385. ** Annal. de Cliem. u. Tharm. 125, 293. 

Zeitsclir. f. anal. Chem. 10, 414. ++ 10, 334. 

§§ Landwirthseliaftl. Versuchsstat. 8, 473. 

Q;i II. Rose, Handb. d. anal. Chem. 6 Aufl. von Finkener, 11. 829. 
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by bringing the tube e into the vertical position, by turning it half, 
round in the tubulure, then run in from the burette an excess of stan- 
dard acid, it will occupy d , add some tincture of litmus, turn the tube 
e back again as represented, and run a little more acid into the 
bulbs. Now remove the flask a, while the tube and cork, as well, as the 
little flask b containing some water, remain in unchanged position on 



Fig. IOI. 

the sand-bath* and transfer to a about 50 grin, finely granulated zinc, 
and 25 grm. iron-filings which have been purified by sifting and sub- 
sequent ignition in a current of hydrogen, then add the weighed nitrate 
(e.y., *5 nitre), 20 c.c. water and 20 c.c. potassa solution of 1*3 ^p. gr. 
Now heat the part of the sand-bath c, which is under a, till the cm- 
tents of a boil. If the bubbles of air and hydrogen pass quietly in e, 
loss of ammonia is not to be feared. As soon as the distillation has 
commenced, place the lamp so that tho water in b also gently boils. 
The fluid is thus twice distilled in one operation, and the traces of 
potassa, which pass out of a, are completely retained in b. The end 
of each exit-tube is — as a further precaution— drawn out and bent up 
in the form of a hook. The distillation requires 1 to 2 hours. It may 
be broken off, when the hydrogen (which is disengaged in larger quan- 
tity as the potassa solution becomes more concentrated), has passed 
through the bulb-tube '/? 5 or 10 minutes regularly. As soon as the 
fluid in e has receded to d , in consequence of the cooling of the appa- 
ratus, remove the caoutchouc stopper from the small tubulure /, and 
rinse the with a stream of water, so as to be sure of getting 

the last tra n * n t° the receiver. Now turn round the tube 
e to bring iflH(WPWertical position, rinse it out with water, take it 
away and closethe tubulure of the receiver with a cork. Finally, remove 
the receiver, rinse the outside of the condenser at the end/ and proceed 
to titrate the free acid remaining. The metals remaining in a only 
want to be washed with water, dilute acid and water again, and they 
can be used for a second determination. It is true that when they 
have been once used they evolve hydrogen far slower than bright zinc 
and freshly ignited iron, but the disengagement of ammonia proceeds 
equally well in both cases. Chlorides and sulphates have no influence 
on the operation. In the presence of oxide of lead it appears desirable 
to add sulphate of potassa. 
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m 


Siewert employed to about i grm. nitre 4 grm. iron-filings and 
8 to 10 grm. zinc-filings, and also 16 grin, solid hydrate of potossa and 
IO o c.c. alcohol, of *825 sp. gr. By 
the use of alcohol the danger of the 
boiling fluid receding is got rid of. 

Ilis apparatus consists of a flask of 
^00 to 350 c.c. capacity with evolu- 
tion tube, which leads to the flasks 
represented in fig. 102. The capa- 
city of each is 150 to 200 c.c. ; they 
contain standard acid. The connect- 
ing tubo b is ground obliquely at 
both ends, c serves during the opera- 
tion to hold a strip of litmus paper 
and after it to enable the analyst to 
transfer the fluid from one flask to 
the other at will. After the apparatus 
has been put together, the disengage- Pig. 102. 

ment of gas may be allowed to go on 

in the cold, or it may be assisted from the first bv a small flame. After 
the lapse of half-an-hour the ammonia formed begins to pass over in 
proportion as the alcohol distils off. As soon as the latter is fully 
removed from the evolution flask, heat is applied with great caution — 
to drive out the last traces of ammonia — till steam appears in the 
evolution tube, or 10 to 15 c.c. alcohol are rapidly introduced once or 
twice into the evolution flask and distilled off'. 



/. Method depending on the estimation of the loss of Hydrogen after 
Hr. Sciiulze.* 

If aluminium be dissolved in solution of potassa, aluminate of the 
alkali is formed with evolution of hydrogen ; the amount of hydrogen 
evolved corresponds to the quantity of aluminium dissolved \ and if a 
nitrate be added to the mixture evolving hydrogen less gas is dis- 
engaged than would otherwise be the case, for a part of the nascent 
hydrogen serves to convert .the nitric acid into ammonia (N 0 5 + 8H = 
M s + 5HO) ; this deficit of hydrogen is, of course, proportional to the 
amount of nitric acid converted into ammonia. According to Schulze 
the decomposition i*' complete, if the process is carried on slowly 
(FiNKENERt contradi^: ihis). A minute quantity of nitric acid gives 
nse to a relatively large deficit of hydrogen, hence this method can be 
applied to the estimation ojf small amounts of acid. E. SciiulzeJ states 
that the method cannot used in the presence of organic matter.. In 
such a case you* must sujbje# the substance to the following! preliminary 
treatment ; — -Heat with ^.apfion of potash till all ammonia is expelled,. 
a dd a concentrated soluttet ot pure permanganate of potash, boil for 10 
Minutes (after which t^fluid should remain red), add some formic 
aci d to decompose the p^pinanganic acid present, filter, wash, concen- 
ra te, neutralize exactly with sulphuric acid, and finally evaporate to a 
small bulk if necessary ( JV. Schulze§). 

I shall describe the apparatus, which is somewhat similar to 

. T _ * Zeitschr. f. anal. Chem. 2, 300. 

+ H. Rosr, Handb. d. anal. Chem. <5 Aufl. von Finkener, 11. 829. 

+ Zeitschr. f.anal. Chem. 6, 379. ) Zeitschr. f. Chem. (N. F.) 4, 1296. 
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Knop’s azotometer,* and afterwards proceed to the execution of r 
analysis. ‘ 9 

The flask A (fig. 103) holds about 50 c.c., into its neck the tube P 
which is expanded above into a bulb, is ground air-tight ; the gl ass ro j 


k 



Fig. 103. 

r .. 

c is ground into the lower opening of B, and closes it completely ; tins 
rod passes through the cork rf, and is long enough to enafile the operator 
to introduce fluid into B by means of a pipette, when the cork is raised 
to the top. The tube C, divided into ^c.c., serves to measure the gas; 
it is connected by means of the flexible tube l, with the plain tube D, 

* C'hem. Centralbl. i860, 244. The original Knop’s apparatus differs from tbj 
modification figured in the text only in this, that the tube D is not provided wit' 
the lateral tubulure below. The removal of water from D is effected by sucking. 1 * 
into a flask. Rautenberg’s modification consists in placing the tubes 0 and ^ 11 
a cylinder filled with water, which enables the operator to regelate and determine 
tbo temperature of the gas on measuring, more conveniently. Instead of the a|Jp» 
ratus given in th«,text, you may use that of Rumpf— Z eitschr. f. anal. Cbcni. 0 , 
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which is of similar width. The tubulure/is provided with spout and 
stop-cock, as shown in the drawing. The upper opening of C is con- 
nected by the india-rubber tube k with a tube of small calibre, and 
the latter again with the tube h, which is fitted with a cork into the 
tubulure a. 

To perform a series of experiments, a rather large quantity of 
aluminium filings will be required. Any particles of steel should be 
removed from the same by a magnet. The first thing is to determine 
the weight of hydrogen yielded by a weighed quantity of this aluminium 
powder on its solution in potash. This preliminary experiment is 
absolutely indispensable, as each kind of aluminium behaves differently 
in this respect. Introduce into A an exactly weighed quantity of 
aluminium powder, about *075 grm., and add some water. Introduce 
into B exactly 5 c.c. potash solution, and join A and B as represented. 
Xow pour water into D till it stands exactly at the upper mark in 
C—i.e., the zero — and connect A with the measuring apparatus by 
inserting the tube A into the caoutchouc tube p. Having again satis- 
lied yourself that the water in C and 1) is at the same height, and in 
(J stands at zero, note the temperature of the room and place A in a 
beaker with water of the same degree. Now allow water to run out at 
n till the surface of the fluid in 1 ) stands exactly at a certain mark, say 
at 30 c.c , and in G has sunjc to about the mark 1. If after some time 
both levels have remained unchanged, and you are therefore convinced 
that the apparatus, is air-tight,, raise the glass-rod c slighfly, allowing 
the potash in B to flow into A. As on account of the lower level in 
A air in A is under less pressure than the air in B or the free 
atmosphere, care must be taken that the opening at e is closed, the 
moment that the fluid in B has almost run out and just enough remains 
to prevent free communication between A and B. The volume of the 
tluid originally introduced into B (according to the above, 5 c.c.) is sub- 
sequently to be deducted from that of the gas in C. In proportion as 
the aluminium dissolves, and hydrogen is evolved, the level in C sinks, 
while column of water in D rises and renders it necessary to draw 
0 1 water at n, in order that both lovels may remain about the same. 

hen the evolution of gas in A has ceased, and you have satisfied 
}ourself that the temperature of the water in which A stands, and also 
0 the air, is the same as at the beginning, bring the water in D to the 
same level as that in C, so that the tension of thg gas in A and C may 
j^rrespond exactly to the atmospheric pressure, as before the beginning 

he experiment, and then read off the height of the fluid in C. The 
^um er so observed, minus the c.c. of fluid which flowed from I? into A, 
^presses the c .c. hydrogen evolved by the solution of the aluminium, 
and 7 • listing circumstances of atmospheric pressure, temperature, 

drv ens 1 1 . 0 ? aqueous vapor. Reduce the measured volume to the 
.condition, o° and 760 mm. (§ 19S), calculate the weight of this 
D • Une hydrogen (1000 c.c. = *08961 grm.), and divide the alu- 
0 f lum use(1 by the number found, the quotient gives us the number 
iouiiT+v 168 ^minium which evolve 1 grm. hydrogen. Schulze 
Won ]i . ® quotient in one case to be ,10*5042 (9*16 of pure aluminium 
tot/ ^ le . ? grm. hydrogen). Now 8 eq. hydrogen (8) correspond 
a lumi?r * n ^ c (54*04), hence 8x 10*5042 =84*0336 grm. of the 
mum m question correspond to 54*04 grm. nitric acid. 
e will now suppose that the exact value of the aluminium for our 
vol. 1. * D D 
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purpose being known, we are about, on some other occasion, to make 
a nitric acid determination with its aid. Begin by calculating how 
many c.c. hydrogen is yielded ’ by a definite weight of aluminium, 
say *050 grm. for this particular day, i.e., the existing temperature 
and pressure. I may remark in passing that it is taken for granted 
that these remain constant throughout the process; a room should 
be chosen which is not liable to variations of temperature. Let us 
suppose, under the circumstances obtaining, 58*4 c.c. hydrogen 
correspond to *050 grm, aluminium. Introduce the fluid to be ana- 
lysed— say about 20 c.c. — into the flask A , add a weighed quantity 
of aluminium powder (at least 2 parts to 1 of nitric acid), arrange 
the apparatus as above directed, and allow the potassa at first to Horn- 
only drop by drop into A. The solution of the aluminium must fo 
so conducted that a scarcely visible evolution of hydrogen may be kept 
up for at least an hour, and the whole process should take 3 or 4 hours. 
Convince yourself that the pressure and temperature are the same as 
at the beginning, and read off. 

Let us take one of Schulze’s experiments as an illustration. 
•i<; grm. of the aluminium powder of the value above given, and a 
known quantity of nitrate of potash were employed, 95*6 c.c. hydrogen 
were obtained. How much nitric acid was present 1 *15 grm. alumi- 

nium would have evolved 3 x 58*4= 175*2 c.c. hydrogen, but we have 
only obtained 95*6 c.c. : therefore the deficit is 79 ‘6 c.c., which, accord- 
ing to the proportion 

58*4 : 79-6 :: -050 : x # = *06815 
corresponds to *06815 aluminium, which, according to the proportion 
84*0336 : 54*04 :: *06815 : x x = *04383 
corresponds to *04383 nitric acid. 

The amount of nitrate of potash actually employed was '083 grin., 
which contains theoretically *0443 N0 4 . 

(j. Methods in which the Nitrogen is separated in the gaseous form, 
and measured or weighed. 

These methods are especially applicable to nitrates, which, when 
ignited, are decomposed into oxide or metal and compounds of nitrogen , 
they will be found in §,185, under the head Analysis of Organic Fum®" 
Marignac analysed the compounds of nitric acid and suboxiuo 0 
mercury in this manner. Bromeis analysed the nitrites, &c., of k- u 
by a method given by Bunsen.* These methods can hardly ^ 
■dispensed with where the water of nitrates has to be estinift ci 
directly, ■■ . , is 

If y^piaih to estimate the nitrogen graviraetrically, wluc 
obtained by igniting a nitrate with finely divided copper, you 111 - 
employ Gibbs’s method.f • cid 

h. The methods whigh are employed for the estimation of nitric a 
in natural waters will be found under the head of Water Analysts 

* Annal. d. Chem. u. Pharm. 72, 40. 
f Zoitschr, f . anal Chem. 3, 393. 
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§ ISO- 

2 Chloric Acid. 

I. Determination. 

In the absence of other compounds of chlorine, free chloric acid in 
aqueous solution may be determined by converting it into hydrochloric 
acid (II., c and d), and determining the acid formed, as directed § 141 ; 
or by saturating with solution of soda, evaporating and treating the 
residue as directed in II., a or b. 0 


II. Separation of Chloric Acid from the Bases and Determination 
of the Acid in Chlorates. 

a. After Bunsen.* When warm hydrochloric acid acts upon 
chlorates, the latter are reduced ; as this reduction is not attended 
with separation of oxygen, tho following decompositions may take 
place J 


CIO, 

HC 1 


I CIO 
i CIO, 


CIO, 


f 3 CIO 


CIO, 


( 2C10 
' 2C1 


CIO. 


(CIO 
' 4CI 


CIO, f 6 Cl 


{ IIO 3 2HC1 \ 2H0 3IIC1 | -^ 0 4 IICi | 5 HC 1 | 5 HO 

Which of these products of decomposition may actually be formed, 
whether all or only certain «f them cannot bo foreseen. But no matter 
which of them may bo formed, they all of them agree in this, that, in 
contact with solution of iodide of potassium, they liberate for every 
1 et l* chloric acid in the chlorate, 6 eq. iodine. 761*1 of iodine 
liberated correspond accordingly to 75*46 of chloric acid. The analytical 
process is conducted as described § 142, 1. The test analysis adduced 
by Bunsen is favourable. According to Finkener,!* however, this 
method gives too little iodine, and he therefore recommends boiling a 
mixture of 33 c.c. hydrochloric acid, 66 c.c. water, 10 grm. iodide of 
potassium, and 1 c.c. aqueous sulphurous acid for five minutes in a 
current of carbonic acid, allowing to cool in tho gaseous current, and 
■ ien adding this solution to the chlorate in a stoppered bottle. The 
)o tie should be previously filled with carbonic acid and then filled up 
] V1 1 solution. It is closed firmly and heated for fifteen minutes 
I „ w ^ter-bath, allowed to cool thoroughly and shaken ; the fluid is 
many diluted, and tho free iodine estimated. 

1 weighed chlorate is heated in an Excess of solution of 

1 P ate of iron in hydrochloric acid, and the sesquichloride of iron 


| Produced is estimated] 
! d, 


The process is conducted as directed § 149, 


that V 12 , ec b lron converted from the condition of protochloride into 
! sesqiiichjpride correspond to 1 oq. chloric acid. 

C0] C ’ lG conversion of chloric acid (and generally of all oxygen 
i dihit° UnC S c ^ or ^ ne > ex cept perchloric acid) may be also effected in 
! ne < e a dneous solution by nitrous acid or a nitrite, preferably by 
I the nVi cf lead (Toussaint*). The dilute aqueous solution of 

! 1 ora * e I s niixed with a slight excess of solution of nitrite of lead,§ 


4 rr -p ’■* Annal. d. Chem. 11. Pharm. 86, 282. v 

• uose, Handb, der analyt. Chemie, 6 Aufl. von Finkener, ii. 612. 

I' § T a ] if Annal. d. Chem. u. Pharm. 137, 114. 

: toeetl °* mfcra t e of load, 14 parts of lead and 50 parts of water, and boil 

! color. p nn }°, r 1 for a l° n 6 time. The solution first turns yellow and finally loses all 
the solution rapidly when quadribasio nitrite of lead (4Pb0,N0 3 ,H0) 
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acidified with nitric acid, and warmed. The hydrochloric acid produced 
is converted into chloride of silver (§ 141, 1 a)* 

If you wish to apply this principle to the volumetric estimation of 
chloric acid proceed as follows: — Mix a very dilute standard solution 
of chlorate of potash in a stoppered bottle with excess of nitrate of 
silver, acidify strongly with nitric acid, heat in a water-bath, and add 
the nitrite of lead till a fresh drop no longer produces a precipitate of 
chloride of silver. The liquid should be frequently shaken to favor the 
separation of the chloride of silver. The solution of nitrite of lead 
being thus standardized may be used for the estimation of unknown 
quantities of chloric acid. The author’s test analyses gave good 
results, which were corroborated by experiments in this laboratory. 

d. The reduction of chloric acid may he also effected Ivy means of 
hydrated protoxide of iron. Mix the solution of the alkaline chlorate 
with a sufficiency of pure sulphate of iron, supersaturate strongly with 
potash free from chlorine, boil for some time, filter off the protososqui- 
oxido of iron thrown down, wash, acidify the filtrate with nitric acid, 
and precipitate the chlorine with solution of silver (§141, 1 
C. Steeling*). From my own experiments I find that it is veil to 
make the filtrate up to 250 c.c., and test a portion for chloric acid by 
acidifying with sulphuric acid, adding a minuto quantity of indigo 
solution, and then a little sulphurous acid. Having satisfied yourself 
that all the chloric acid has been reduced, you may then estimate the 
chlorine as Silver salt in an aliquot part of the 250 c.c. 

will fall down as a white powder. Suspend this powder in water and pass carbonic 
acid till the basic salt is entirely decomposed. Filter aud preserve the solution ic 
filled bottles. 

* Zeitschr. f. anal. Cliem. 6, 33. 
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In the previous Section we have considered the methods employed for 
the determination of bases and acids, when only one base or one acid is 
present. In the present Section we shall treat of the separation of 
bodies, i.e tho determination of the bases and acids, when several bases 
or acids are present. 

The separation of bodies may be effected in three ways, viz., a , by 
direct analysis ; b i by indirect analysis ; c*, by estimation by difference. 

By direct analysis , we understand the actual separation of the bases 
or acids. Thus,, wo separate potash from soda by bichloride of 
platinum ; copper from tin by nitric acid; arsenic from iron by sul- 
phuretted hydrogen; iodine from chlorine by nitrate of protoxide of 
palladium; nitric acid from sulphuric acid by baryta; carbon from 
nitrate of potassa by water, Ac. Ac. In direct analysis we render one 
body insoluble, while tho others remain in solution, or vice versd , or wo 
volatilize one body, leaving the others behind, or we effect actual 
separation in some other manner. This is tho mode of analysis most 
frequently employed. It generally deserves the preference where 
•choice is permitted. 

W e term an analysis indirect , if it does not effect the actual separa- 
tion of the bodies, but causes certain changes which enable us to cal- 
culate the quantities of the bases or acids present. Thus the quantity 
of potash and soda in a mixture of tho two may he determined by con- 
verting them into chlorides, weighing the latter, and estimating the 
chlorine (§ 152, 3). 

rni ally, if W e weigh two bodies together, determine one of them, 
^ad subtract its weight from that of tho two, we shall find the weight 
of the other body. In this case the second body is .said to be estimated 
V/ difference. Thus, alumina may be determined when mixed with 
“Csquioxide of iron, by weighing the mixture and estimating the iron 

volumetrically. • J 0 0 

Indirect analysis and estimation by difference may he employed in 
? n exceedingly large number of cases ; but their use is as a rule only to 
fn? rocoi, nnended where good methods of true separation are wanting, 
special cases in which they are preferable to direct analysis cannot 
® ,l foreseen ; those alone are pointed out which are of more frequent 
liav Ulre ^ Ce * re £ ftr( l s the calculations required in indirect analysis, I 
wh 6 ^ lve . n £ en ©ral directions under “ tho Calculation of Analyses ; 
^ e ^ ever > it appeared judicious, I have added the necessary directions to 
ascription of the method itself. 

have retained our former subdivision into groups, and, as far as 
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practicable, systematically arranged, first, tlio general separation 0 f () ]j 
the bodies belonging to one group from those of the preceding warn- 
secondly, the separation of the individual bodies of one group fiom 
or from certain bodies of the preceding groups; and finally tli ( . 
separation of bodies belonging to one and the same group from e;dt 
other. I think I need scarcely observe that the general methods which 
serve to separate the whole of the bodies of one group from those of 
another group, are also applicable to the separation of every individual 
body of the one group from one or several bodies of the other group 
It must not be understood that the more special methods are nwmuvilv 
in all cases preferable to tho more general ones. As a rule it must he 
left to individual chemists to decide for themselves in each special case 
which method should be adopted. With respect to the general 
methods for separating one group from another, I would observe 
that those adduced appeared to me more adapted to the purpose than 
others, but still there may be others that are equally suitable, and in 
special cases even more so. A wide field is here open to the ingenuity 
of the analyst. 

The methods given for the separation of both bases and acids are 
generally' based upon the supposition that they are in the free state, or 
in the form of salts soluble in water. Wherever this is not the case, 
special mention is made of the circumstance. 

From among the host of proposed methods, I have, as far as 
practicable, « chosen thoso which have been sanctioned by experience 
and are distinguished for accurate results. In cases where two methods 
were on a par with each other as regards these two points, I have either 
given both, or selected the more simple one. Methods which experience 
lias shown to be defective or fallacious have been altogether omitted. 
I have endeavoured to point out, as far as possible, tho particular cir- 
cumstances under which either the one or the other of several methods 


deserve the preference. 

Where the accuracy of an analytical method has been established 
already, in Section IV., no further statements are made on the subject 


here. Paragraphs of former sections deserving particular attention are 
referred to in parentheses. 

The extension of chemical science introduces almost every day new 
analytical methods of every description, which are rightly or wrongly? 
preferred to the oldqr methods ; the present time may therefore up 
looked upon in this, as in so many other respects, as a period of transi- 
tion, in which the new strives more than over to overcome and supply 


the old. I make thi3 remark to show the impossibility of ahvayj 
adding to the description of a method an opinion of its usefulness am 
accuracy, and also to point out the importance, under such circa®' 
stances, of a proper systematic arrangement. I have in this Section 
generally arranged the various analytical methods upon the bases o 
their scientifiq nggiciples, firmly persuaded that this will greatly tend a 
facilitate the m&jy of the science, and will lead to endeavours to apph 
known principl&fto the separation of other bodies besides those towlwj 
they are already applied, or to apply new principles where exper® 11 ^ 
has proved the old ones fallacious, and the methods based on ta e 
defective. . 

I conclude these introductory remarks, with the important com ■ 1 
to the student, never to look upon a separation as successfully accompli ’ 
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before he has convinced himself \ that the weighed precipitates , (be., are pure 
and more particularly free from those bodies from which it was intended 
to separate them. 

L SEPARATION OF THE BASES FROM EACH OTHER. 


FIRST GROUP. 

POTASSA — SODA — AMMONIA — (LITIIIA).* 

§ I5 2 - 

Index : — The Nos. refer to those in the margin. 
Potassa from soda, 1. 2, 6. 

,, ammonia, 4, 5. 

Soda from potassa, 1, 2, 6. 

ammonia, 3, 4, 5. 

Ammonia from potassa, 4, 5. 

„ soda, 3, 4 5. 

(Lithia from the other aikalies, 7, 8, 9.) 


i. Methods based upon the different degrees of Solubility in Alcohol, 
of the Double Chloride of the Alkali Metals and Bichloride 
of Platinum. 


a. Potassa from Soda. 

It is an indispensable condition in this method that the two 1 
alkalies should exist in the form of chlorides. If, therefore, they 
are present in any other form, they must be first converted into 
chlorides, which in most cases may be effected by evaporation with 
hydrochloric acid in excess ; in the case of nitrates the evaporation 
with hydrochloric acid must be repeated 4 — 6 times till the weight 
of the gently ignited mass ceases to diminish. In presence of 
sulphuric acid, phosphoric acid, and boracic acid, this simple 
method will not answer. For the methods of separating the 
alkalies from the two latter acids, and converting them into 
chlorides, see §§ 135 and 136. The presence of sulphuric acid 
being a circumstance of rather frequent occurrence, the way of 
meeting this contingency is given below (2)- 

Determine the total quantity of the chloride of sodium and 
chlorido of potassiumf (§§ 97, 98), dissolve in the least quantity of 
water, add to the fluid in a porcelain dish a» excess of a strong 
aqueous solution of bichloride of platinum as neutral as possible. 
Enough platinum solution should be added to convert the sodium 
fts well as tke potassium into platinochloride. It is best to use a 
solution of known strength and to calculate roughly how much 
•mould be added. Evaporate on the water-bath nearly to dryness 
(the water in v the bath should never actually boil, and the double 
chloride of platinum an,d sodium should not lose its water of 


.0 With regard to. the separation of the oxides of cesium and rubidium from the 
4* lies, I refer to the “Analysis of Mineral Waters.’ . . 

T Never take the Weight of the alkaline chlorides without convincing yourself 
t . lr l? ur ity by dissolving them in water, which should give a clear solution, and 
1 ln & fhe solution with ammonia and carbonate of ammonia, which must throw 
«own no precipitate. It may be thought, perhaps, that a matter so simple need not 

^common ed “ ere * 8ti11 1 have foun( * tbat ne 8 lecfc 111 this res P ect 18 by n0 meaaa 
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crystallization), treat the residue with alcohol of from *86 to -87 
sp. gr., cover the dish with a glass plate, and allow to stand a few 
hours w r ith occasional stirring. If the supernatant fluid is not deep 
yellow, this is a proof that the quantity of bichloride of platinum 
used is insufficient. When the precipitate has settled, pour oil the 
clear fluid through a weighed filter (preferably, an asbestos 
filter, § 97, 4, a) and examine the precipitate most minutely, if 
necessary with the aid of a microscope. If it is a heavy yellow 
powder (sufficiently magnified, small octahedral crystals) it is the 
pure chloride of platinum and potassium.* Then transfer it- -best 
with the aid of the filtrate — to the filter, wash it with spirit of -86 
to *87 sp. gr. and proceed according to § 97, 4 a. (Instead of 
weighing the double chloride or the platinum obtained from it, you 
may ignite gently in hydrogen, extract the chloride of potassium 
with water and weigh this or titrate the chlorine in it by § 141, 

I., b , a.) If, on the contrary, white saline particles (chloride of 
sodium) are to be seen mixed with tho yellow crystalline powder, 
bichloride of platinum has been wanting, the whole of the chloride 
of sodium not having been completely converted into chloride of 
sodium and platinum. In this case the precipitate in the dish must 
be treated with some water, till all the chloride of sodium is dis- 
solved, a fresh portion of bichloride of platinum is added, the whole 
evaporated nearly to dryness and tho above examination repeated. 
The quantity of the soda is usually estimated by subtracting from 
the united weight of the chloride of sodium and chloride of potas- 
sium the weight of the latter, calculated from that of the potassio- 
bichloride of platinum. 

To make quite sure that the potassa has completely separated, it 
is advisable to add to the filtrate some water, some more bichloride 
of. platinum, and, if the quantity of soda is only small, also some 
chloride of sodium ; evaporate on the water-bath nearly to dryness, 
at a temperature not exceeding 75 0 (Bischof), and treat the residue 
in the manner just described. In order to diminish the solvent action 
of the spirit on the chloride of potassium and platinum, ^ ether may 
be now mixed with it. Should this operation again leave a small 
undissolved residue of chloride of potassium and platinum, it is 
filtered off, best on a separate filter and first washed with alcohol and 
■ether. As, however, this remainder of the double salt is generally 
impure, dissolve it on r the filter with boiling water, ‘evaporate with 
a few drops of bichloride of platinum, treat the residue with alcohol, 
and if any potassium salt remains determine it either with tho 
principal quantity or by itself. 

If you are not satisfied with an indirect estimation of the 
sodium, one of the following direct methods may be employed, a* 
Evaporate the filtp|i$ till the spirit has gone off, dilute, digest the 
solution with iron filings till the platinum is all thrown 

down, filter, aOTSwPfefine water till the protoehloride of iron is con- 
verted into sesquichloride, precipitate with ammonia, filter off the by* 
drated sesquioxide of iron, and estimate the chloride of sodium in the 
filtrate. ' 0. Evaporate the filtrate, finally in a porcelain crucible, to 

* If small tesseral crystals are visible of a dark orange yellow color, and rdjj 
tively laige size, and appearing transparent by transmitted light, then the ,i0 ’ v 
chloride contains chloride of platinum and lithium (Jenzsch, Pogg. Ann. 10-b 
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dryness, heat the residue to low redness in a current of hydrogen, 
extract with water, and determine the chloride of sodium in the 
solution. For small quantities of fluid this method will be found 
convenient, y A. Mitscherlicii recommends to mix the filtrate 
with sulphuric acid, evaporate to dryness, ignite the residue, 
extract the sulphate of soda with water, and estimate it according 
to § 98, 1. These methods of course yield tho soda salt in a pure 
condition only when the separation of the potash has been perfect. 
They present the advantage that the soda salt is brought under 
one’s eyes and may be tested after weighing. 

Should the solution contain sulphuric acid, it may be in presence 2 
of hydrochloric acid or of some volatile acid, convert the alkalies 
first into neutral sulphates (§§ 97, 98), and weigh them as such. 

For the estimation of the potash one of the two following methods 
may be used. 

a. First convert tho sulphates into chlorides and then proceed as 
above. For this purpose baryta salts were formerly employed, or 
better an alcoholic solution of chloride of strontium. The sulphate 
of baryta, however, carries down considerable quantities of alkali 
salt, and tho sulphate of strontia noticeable quantities, hence tho 
employment of baryta more particularly cannot be recommended. 

H. .Rose advises repeated ignition of the alkaline sulphates with 
chloride of ammonium till the weight remains constant ; this 
process is simple and well adapted for small quantities ; no loss 
of alkali need bo feared if tho heat is not unnecessarily raised. 

L. Smith advises the use of lead salts. Dissolve the alkaline 
sulphate, precipitate with pure neutral acetate of lead avoiding a 
large excess, add some alcohol, filter, precipitate the excess of lead 
with sulphuric acid, and evaporate to dryness with addition of 
sulphuric acid. This method when carefully conducted yields 
excellent results. 

0 * Precipitate the potash directly out of the solution of the 
sulphates. R,. Finkener* gives the following process. To tho 
rather dilute solution of tho salts in a capacious porcelain dish add 
bichloride of platinum in quantity more than sufficient to throw 
down all the potassium, evaporato on a water-bath down to a few 
c -c., allow to cool* add, at first in small quantities, 20 times the 
volume of a mixture of 2 parts absolute alcohol and 1 part ether, 
Vjith stirring, filter *af ter a short time and wash tffie precipitate with 
u cohol and ether till the washings are colorless. If when the 
ulcohol and ether is first added, a strong aqueous solution of 
sulphate of soda separates, add some hydrochloric acid till the fluids 
Iru x. Dry the precipitate consisting of platinochloride of potassium 
sulphate of soda, heat with the filter in a porcelain crucible till 
filter is carbonized, then in a current of hydrogen to scarcely 
visible redness, extract the residue with hot water, ignite the plati- 
l uui m the air, weigh and calculate from, the weight the quantity of 
potassium. 

dhe separation of potassium from sodium by bichloride of plati- 
num gives results which are fully satisfactory and at all events far 
exact than any method depending on another principle } 

H. Rose, Handbuch dor anal. Chcm. 6 Aufl. von Finkener, ii. 923* 
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provided that the platinum solution is pure and the operations have 
been carefully performed in accordance with the directions. If you 
have any occasion to doubt the perfect purity of the weighed double 
salt you may always dissolve it in boiling water, evaporate with ad- 
dition of a little platinum solution and reweigli the salt thus purilied. 

In the case of a series of analyses the potash in the separated 
double salt may be titrated. For this purpose triturate it with 
twice its quantity of pure oxalate of soda free from chlorides, heat 
the mixture to fusion in a platinum crucible, extract the residue 
with water, neutralize the filtrate nearly with acetic acid, titrate 
the chlorine in the alkaline chlorides (§ 14 1, I., b, a) and calculate 
1 eq. potash for 3 eq. chlorine. Where the quantity of the double 
salt is very minute, moisten it and the filter with a strong solution 
of neutral oxalate of potash, allow to dry, ignite in a covered 
crucible and then proceed as above. If the separated platinum is 
weighed it will yield a good control (F. Moiir*). 

b. Ammonia from Soda. 

The process is conducted exactly as in a, when the alkalies are 3 
present as chlorides. See also § 99, 2. If potassa also is present, 
the precipitate produced by bichloride of platinum is ammonio- 
bichloride of platinum + potassio-bichloride of platinum ; in which 
case the weighed precipitate is cautiously * ignited for a sufficient 
length of ti?ae, but not too strongly, until the chloride of ammonium 
is expelled, the gentle ignition continued in a stream of hydrogen 
or with addition of oxalic acid, the residue extracted with water, a 
few drops of hydrochloric acid added if oxalic acid was employed, 
and the chloride of potassium in the solution determined as directed 
§ 97, 3. The weight found is calculated into potassio-bichloride of 
platinum, and the result deducted from the weight of the whole 
precipitate: the difference gives the ammonio-bichloride of plati- 
num. The weighing of tho separated platinum affords a good 
control. The method is seldom employed, as that given in 2 yields 
more exact results. 

2. Methods based upon the Volatility of Ammonia and its Salts. 

A.mmonia from Soda and Potassa. 

a. The salts of the alkalies to be separated contairi%he same volatile 4 
acid , and admit of the ' total expulsion of their water by drying at 100 
without losing ammonia ( e.g ., the chlorides). 

Weigh the total quantity of the salts in a platinum crucible, 
and hgtfiftKth the lid on, gently at first, but ultimately for some 
time redness ; let the mass cool, and weigh. The decrease 

of ttgjPrt gives the quantity of the ammonia salt. If the acid 
present is sulphuric acid, you must in the first place, take care to 
heat very gradually, as otherwise you will suffer loss from the 
decrepitation of the sulphate of ammonia : and, in the secom 
place, bear in mind that part of the sulphuric acid of the sulphate ot 
ammonia remains with the sulphates of the fixed alkalies, and tha 
you must accordingly convert them into neutral salts, by ignition in 
an atmosphere of carbonate of arhmonia, before proceeding to deter- 

* Zeitschr. f. anal. Cbem. 12, 137. 
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mine their weight (compare §§97 and 98). Chloride of ammonium 
cannot he separated in this manner from sulphates of the tixed 
alkalies, as it converts them, upon ignition, partly or totally into 
chlorides. 

b. Some one or other of the conditions given in a is not fulfilled. 

If it is impracticable to alter the circumstances by simple means 5 
so as to make the method a applicable, the fixed alkalies and the 
ammonia must be estimated separately in different portions of the 
substance. The portion in which it is intended to determine the 
soda and potassa is gently ignited until tlio ammonia is completely 
expelled. The fixed alkalies are converted, according to circum- 
stances, into chlorides or sulphates, and treated as directed in 
1 , 2 , or 6- The ammonia is estimated in another portion according 
to § 9 9 > 3 - 

3. Indirect Methods. * 

Of course, a great many of these may be devised ; but the follow- 6 
ing is the only one in general use. 

Potassa from Soda. 

Convert both alkalies into neutral sulphates, or into chlorides 
(§§ 97 and 98), and weigh as such ; estimate the sulphuric acid 
(§ 132) or chlorine (§141) ; and calculate the quantities of the soda 
and potassa from these data (see below, “ Calculation of Analyses,”’ 
§200).* 

The indirect method of determining potassa and soda is appli- 
cable only in the analysis of mixtures containing tolerably large 
quantities of both bases : but where this is the case, the process 
answers very well, affording also, more particularly, the advantage 
of expedition, if the chlorine in the weighed chlorides is titrated 

(§ 141, 1 ., b). 

Supplement to the First Group • 

Separation of Lithia from the other Alkalies* 

Lithia may be separated from potassa and soda in the indirect 7 
' Va y> and by two direct methods : — 

a. Treat the nitrates or the chlorides, dried at 120°, with a mix- 
lure of equal volumes of absolute alcohol and anhydrous ether, digest 
at least for 24 hours, with occasional shaking (the salts must be 
completely disintegrated), decant rapidly on to a filter covering the 
funnel, and treat the residue again several times with smaller 
portions of the mixture of alcohol and ether. Determine, on the 
uue part, the undissolvcd potassa and soda salts ; on the other, the 
dissolved lithia salt, by distilling the fluid off, and converting the 
iosidue into sulphate. This method is apt to give too much lithium, 

^ le potassa and soda salts, especially the chlorides, are not 
absolutely insoluble in a mixture of alcohol and ether.. The 
Jesuits may be rendered more accurate by treating the impure 
rtbia salt, obtained by distilling off the ether and alcohol, once 
Ul0le with alcohol and ether, with addition of a drop of nitric or 

* t)ther methods are given by Stolba (Zeitschr. f. anal. Chcm. 2, 397 ) an d 
7, 173). 
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hydrochloric acid, adding the residue left to the principal residue 
and then converting the lithia salt into sulphate. If the salts, which 
it is intended to treat with alcohol and ether, have been ignited 
however so gently, caustic lithia is formed — in the case of the 
chloride by the action of water — and carbonate of lithia by attrac- 
tion of carbonic acid ; in that case it is necessary, therefore, to add a 
few drops of nitric, or, as the case may be, hydrochloric acid in 
the process of digestion. The separation of the chlorides of the 
alkali metals by a mixture of ether and spirit was originally recom- 
mended by Rammelsberg,* subsequently by Jenzscii.+ Tins 
method cannot yield perfectly exact results, as the lithium salt 
obtained by evaporation of the spirituous solution is always found 
to be impure by the spectroscope (DieiilJ). 

If wo have to separate the sulphates, they must be converted into 
nitrates or chlorides before they can be subjected to the above method. 
This conversion is best effected by means t)f lead salts, see 2- Igni- 
tion with chloride of ammonium does not answer for sulphate of 
lithia, nor can the sulphuric acid be removed by baryta or strontia 
as the precipitated sulphates would contain lithia (Dieiil§). 

b. Weigh the mixed alkalies, best in form of sulphates, and then 8 
determine the lithia as phosphate according to § too. If the quan- 
tity of lithia is relatively very small, convert the weighed sulphates 
into chlorides ( 7 ), separate, in the first place, the principal amount 
of the potassa and soda by means of alcohol (§ ioo), and then 
determine the lithia (Mayer||). 

c. When exact results are required the indirect method is to ho 9 
preferred. Proceed first according to a , evaporate the spirituous 
solution of the chloride of lithium containing tho remainder of the 
other chlorides to dryness, heat moderately, weigh, dissolve in 
water, estimate the chlorine, and calculate therefrom the lithium 
and sodium or potassium. Bunsen^ also applied tho method to 
the indirect estimation of lithia in presence of potassa and soda, 
by removing the silver from the filtrate, and separating tho 
potassium with platinum. But I must here point out, that 
according to Jenzsch** the potassium double salt will contain 
lithium apparently in the form of the platinochloride of potassium 
and lithium. 

The sulphuric acid in weighed quantities of the sulphates of 
lithia, and of potassa jr soda, cannot be estimated by baryta (see 
end of 7 ). 

The separation of lithia from ammonia may be effected like that 

of potassa and soda from ammonia (4 and 5). 

' * 

* Pogg. Annal. 66, 79. + lb. 104, 105. 

$ Annal. d. Chcm. u. Pharni. 121, 97. 

§ Lotumt. p. 98. 1| Annal. d. Ch<un. u. Pharm. 98, 193. 

If lb 122, 348. ** Pogg. Annal. 104, 102. 
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SECOND GROUP. 

BARYTA — STRONTIA — LIME — MAGNESIA. 

I. Separation of the Oxides of the Second Group from those 
of the First. 

§ 153 - 

Index : — The Nos. refer to those in the margin. 

Baryta from potassa and soda, io, 12. 

,, ammonia, 11. 

Strontia from potassa and soda, 10, 13. 

,, ammonia, 11. 

Lime from potassa and soda, 10, 14. 

,, ammonia, 11. 

Magnesia from potassa and soda, 15-26. 

,, . ammonia, 11. 

A. General Method. 

1. Tiie whole of the Alkaline Earths from Potassa 
and Soda. 

Principle on which the method is based : Carbonate of ammonia 10 
precipitates, from a solution containing chloride of ammonium , only 
baryta , strontia , and lime. * 

Mix tlio solution, in which the bases are assumed to be con- 
tained in the form of chlorides, with a sufficient quantity of 
chloride of ammonium to prevent the precipitation of the magnesia 
by ammonia ; dilute rather considerably, add some ammonia, then 
carbonate of ammonia in slight excess, let the mixture stand 
covered for an hour in a moderately warm place, filter, and wash the 
precipitate with water to which a few drops of ammonia have been 
added. 

The precipitate contains the baryta , strontia , and lime ; the filtrate 
the magnesia and the alkalies. So at least we may assume in cases 
where the highest degree of accuracy is not required. Strictly 
speaking, however, the solution still contains exceedingly minute 
traces of lime and somewhat more considerable traces of baryta, 
as the carbonates of these two earths are not absolutely insoluble 
ln a fluid containing chloride of ammonium ; the precipitate also 
J a y contain possibly a little carbonate of ammdhia and magnesia, 
reat the precipitate according to § 154, and the filtrate — in 
ri g°rous analyses — as follows : Add 3 or 4 drops (but not much 
ttore) of dilute sulphuric acid, then oxalate of ammonia, and let 
ic fluid stand *again for 12 hours in a warm place. If a preci- 
pe 6 forms, collect this on a small filter, wash, and treat on the 

61 w ith some dilute hydrochloric acid, which dissolves the 
oxalate of lime, and leaves the sulphate of baryta undissolved, 
mce a little oxalate of magnesia may have separated with the 
ormer, add some ammonia to the hydrochloric solution, filter after 
^^P rec ipit a te has settled, and mix the filtrate with the principal 

Evaporate the fluid containing the magnesia and the alkalies to 
covT eS i > an( ^ remov G the ammonia salts by gentle ignition in a 
crucible, or in a small covered dish of platinum or por- 
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celain.* In tho residue, separate the magnesia from the alkalies 
by one of the methods given 15 — 24 * 

2. Tiie whole of the Alkaline Earths from Ammonia. — n 
The samo principle and the same process as in the separation of 
potassa and soda from ammonia (4 and 5)» 

B. Special methods. y 

Single Alkaline Earths from Potassa and Soda. 

1. Baryta from Potassa and Soda. 

Precipitate the baryta with dilute sulphuric acid (§ ioi, i, a). 12 
evaporate the filtrate to dryness, and ignite the residue, with addi- 
tion towards the end of carbonate of ammonia (§ 97, 1 and § 98. 1 ). 
Take care to add a sufficient quantity of sulphuric acid to convert 
the alkalies also completely into sulphates. In exact analyses in 
order to save the alkaline salts adhering to the sulphate of baryta, 
remove the dry sulphate of baryta from the filter, heat it with a 
sufficient quantity of pure strong sulphuric acid to dissolve it com- 
pletely, allow to cool, dilute largely, collect the sulphate of baryta 
(now almost absolutely pure) on the first filter, ignite, and weigh. 
Evaporate the filtrate in a platinum dish, .drive off the sulphuric 
acid, and estimate the traces of the alkalies. 

This method is, on account of its greater accuracy, preferable 
to the one in A, in cases where the baryta has to be separated only 
from one of the two fixed alkalies ; but if both alkalies are present, 
the other method is more convenient, since the alkalies are then 
obtained as chlorides. 

2. Strontia from Potassa and Soda. 

Strontia may be separated from the alkalies, like baryta, by 13 
means of sulphuric acid ; but this method is not preferable to the 
one in 10, in cases where the choice is permitted (comp. § 102). 

•* 

3. Lime from Potassa and Soda. 

Precipitate the lime with oxalate of' ammonia (§ 103, 2, h a), 14 
•evaporate the filtrate to dryness, and determine the alkalies in the 
ignited residue. In determining the alkalies, dissolve the residue, 
freed by ignition from the ammonia salts, in water, filter if necessary 
jicidify the filtrate, according to circumstances, with hydrochloric 
acid or sulphuric acid, and then evaporate to dryness; this treat- 
ment of Ahe residue is necessary, because oxalate of ammonia pai - 
tially^fcomposes chlorides of the alkali metals upon ignition, and 
. onv(|p the bases into carbonates, except in presence of a largo pro- 
portion of chloride of ammonium. The results are still more accurate 
than in A, except where oxalate of ammonia has been used, after 
the precipitation by carbonate of ammonia , to remove tho minute 
traces of lime from the filtrate. 

* This operation effect* also the removal of the small quantity of sulpbnric^^ 
added to precipitate the traces of baryta, as sulphates of the alkalies are sc-on 
into chlorides upon ignition in presence of a large proportion of chloride ot an 
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4. Magnesia from Potass a and Soda * 

a. Methods based upon the sparing solubility of Magnesia in Water . 
a Make a solution of tlie bases, as neutral as possible, and free 15 
f oin ammonia, salts (it is a matter of indifference whether the acid is 
sulphuric, hydrochloric, or nitric), add baryta-water as long as a 
■precipitate forms, heat to boiling, filter and wash the precipitate 
with boiling water. The precipitate contains the magnesia as 
hydrate. Dissolve it in hydrochloric acid, precipitate the baryta 
with sulphuric acid, and then the magnesia as ammonio-pliosphate 
yc I04) 2 ). The alkalies, which are contained in the solution, 
according to circumstances, as chlorides, nitrates, or caustic alkalies, 
arc separated from the baryta as directed in 10 or 12. Liebig, 
who was the first to employ this method, proposes crystallized sul- 
phide of barium as precipitant. The method is not very exact, as 
magnesia is somewhat more soluble in solutions of alkali salts than 
in water. On this account the weighed alkali salt must always be 
tested for magnesia, and the latter estimated if required. 

jS. Precipitate the solution with a little pure milk of lime, boil, 16 
filter, and wash. Separate the lime and the magnesia in the pre- 
cipitate according to 32 » the lime and the alkalies in the filtrate, 
according to 10 or 14. This method may be employed when the 
magnesia has to be removed .from a fluid containing lime and alkalies, 
provided the alkalies alone are to be determined. Minute quan- 
tities of magnesia also in this case remain with the alkali sAlt from 
the cause mentioned in a. . _ 

y. Evaporate the solution of the chlorides (which must contain 17 
no other acids) to dryness, and, if chloride of ammonium is present, 
ignite ; warm the residue with a little water (this will dissolve it 
with the exception of some magnesia, which separates). Add oxide 
of mercury shaken up with water, evaporate to dryness on the 
water-bath with frequent stirring, and proceed exactly as directed 
§ 104, 3, b. There is no need to continue the ignition until the 
whole of the oxide of mercury is expelled ; on the contrary , part of 
it may be filtered off together with the magnesia, and subsequently 
i volatilized upon the ignition of the latter. Treat the residue with 
small quantities of hot water, filter off rapidly, and wash the 
Magnesia with hot water, using small quantities at a time, and not 
continuing the operation unnecessarily. The solution contains the 
alkalies in form of chlorides. This method, proposed by Berzelius, 
Sives satisfactory results, and, as far as my experience goes, is the 
b est of those given under a. Take care to add the oxide of mercury 
0ll ly in proper quantity, and always test the alkalino chlorides tor 
magnesia, a trace of which will generally be found. Q 

. If the bases are present as chlorides, add pure oxalic acid? 10 
ln efficient quantity to convert all the bases present, viewed as 
Potassa, into quadroxalates : add some water, evaporate to dryness 
ju a platinum dish, and ignite. By this operation the chlorides ot 
fue alkali metals are partially, the chloride of magnesium completely, 
Averted into oxalates, which, upon ignition, give carbonated 


* The methods a, a and § are suitable for the separation of “hi 

ksttad HERER ( Zeitschr * f * anal Chem * I97) rccommendB 0XalRte f 
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alkalies and magnesia. Treat the residue repeatedly with small 
quantities of boiling water; during this washing the precipitate 
may bo transferred to the filter or remain in the dish, no matter 
which. When all the alkali salt is washed out, dry the filter, burn 
it in the dish, ignite strongly, and weigh the magnesia. If the 
solution looks a little turbid, evaporate to dryness, treat the residue 
with water, and filter off the trifling amount of magnesia still remain- 
ing ; add, finally, hydrochloric acid to the filtrate, and determine the 
alkalies as chlorides. 

If the bases are present in form of sulphates, add to the toil- ]$ 
ing solution chloride of barium, until the formation of a precipitate 
just ceases, evaporate the filtrate with an excess of oxalic acid, and 
proceed as in 18 . Remove the carbonate of baryta, which remains 
mixed with the magnesia, as directed 29 . 

We owe these methods to Mitscherlich, and the description 20 
of them to Lascii.* I have not found the results particularly accu- 
rate. The weighed alkali salt should always be tested for magnesia. 
Usually a weighable precipitate is produced which cannot be passed 
over.f 

The method described in 18 may also bo successfully employed 
with nitrates, for which it is, indeed, specially recommended by 
Devjlle.J Carbonic acid and nitrous acid are evolved in the 
process of evaporation. • 

b. Methods based upon the Precipitation of Magnesia by Pirn- 
pliate (or Arseniate) of Ammonia. 

Add to the solution containing magnesia, potassa, and soda, 21 
ammonia in excess, and some chloride of ammonium, should this 
not be present already : precipitate the magnesia with a slight excess 
of pure phosphate of ammonia. Filter, remove the free ammonia 
by evaporation, and then precipitate the phosphoric acid with ace- 
tate of lead as a combination of phosphate and chloride of lead. 
Remove the excess of oxide of lead from the still hot fluid by am- 
monia and carbonate of ammonia, or by sulphuretted hydrogen, 
filter and determine the potassa and soda in the filtrate as directed 
§§97 and 98 ( 0 . L. Erdmann, § Heintz||). A somewhat trouble- 
some but very accurate method. If the solution contains much 
chloride of ammonium, the greater part must first be removed by 
volatilization. • 

The excess of phosphoric acid may be also removed with sesqui- 22 
oxide of iron oroxide of silver instead of with oxide of lead. 

a. With se^n^lMde of iron. Remove the ammonia by heat, 
neutralize if Jflpbary with hydrochloric acid, add sesquichloride of 
iron till thejapf I >s yellowish, then add carbonate of ammonia till 
the fluid i£flB»|Khil or only acid with carbonic acid, boil, filter 
off the basie^^qephate of iron (which has a reddish-brown color, if 
enough selgpPKIoride has been used), wash, evaporate to dryness, 

b 

M * * Journ. f. prakt. Chem. 63, 343. 

+ I caojtot recommend Sonnenschein’s method (boiling the chlorides witlic 
bonate otjuver) ; the filtrate always contains magnesia, and, indeed, 1 
mere traces. 

+ Journ. f. prakt. Chem. 60, 17. § lb. 39, 278. 

I Rogg. Annal. 73, 119, 
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oxpel the ammonia salts and estimate the potassa and soda accoid- 
incr to §§ 97, 98. A good and convenient method. 

0. With oxide of silver. Evaporate to dryness, ignite cautiously, 
dissolve in water and mix with nitrate of silver and a slight excess 
of carbonate of silver. Filter, remove the excess of silver by hydro- 
chloric acid and evaporate the solution with excess of hydrochloric 
acid to dryness (Chancel*). 

The separation is somewhat shorter, but less precise and also 
less convenient, if the magnesia is precipitated with arseniate 
(§ 127, 2) instead of phosphate of ammonia; in this case the filtrate 
is evaporated to dryness with chloride of ammonium and the residue 
ignited under a good chimney. The excess of arsenic acid volati- 
lizes, while the alkalies remain as chlorides (always retaining, how- 
ever, a little chloride of magnesium). C. V. Hauer+ recommends 
a similar method. 


c. Method based on the Precipitation of the Magnesia as Car- 
bonate of Ammonia and Magnesia. 

Mix the solution of sulphates, nitrates, or chlorides (it must be 23 
very concentrated) with an excess of a concentrated solution of 
sesquicarbonate of ammonia in water and ammonia (230 grm. of the 
salt, 360 c.c. solution of ammonia sp. gr. *96, and water to 1 litre). 
After twenty-four hours filter off the precipitate (Mg 0 ,C 0 2 + NH 4 
0,C0 2 + 4 aq.), wash it with the solution of caustic and carbonated 
ammonia used for the precipitation, dry, ignite strongly £nd for a 
sufficient length of time, and weigh the magnesia. Evaporate the 
filtrate to dryness, keeping the heat at first under ioo°, expel the 
ammonia salts, and determine the alkalies as chlorides or sulphates. 
When soda alone is present the results are tolerably satisfactory. 

In the presence of potassa the ignited magnesia must be extracted 
with water, before weighing, as it contains an appreciable quantity 
of carbonate of potassa ; the washings are to be added to the prin- 
cipal filtrate. This last measure is unnecessary in the absence of 
potassa. The magnesia is always a little too low. Mean error 
TMV (F. G. SCHAFFGOTSCH,^ H. WEBER§). 


d. Method depending on the precipitation of the alkalies as 
silicofluorides (Stolba||). 

Where you have a mixture of the chlorides^ of potassium and 24 
magnesium or of the nitrates of potassa and magnesia, you may 
estimate the potassium in one aliquot part as silicofluoride (§ 97, 5) 

<wd precipitate the magnesium in another as ammonio-phosphate 
(§ 104, 2). If you want to make both estimations in the same portion 
fluid, take £he filtrate from the silicofluoride of potassium, re- 
move the excess of hydrofluosilicic acid with alcoholic solution of 
Estate of potash, washing with a mixture of alcohol and water in 
equal volumes, and estimate the magnesia in the filtrate. If you 
av e the sulphates to analyse, the method cannot, in my opinion 
e trusted on account of the difficult solubility of sulphate of mag- 
nesia in dilute alcohol. 

* Comp. rend. 50, 94- 

a. + Jalirb. der k.k. eeolog. Reiclisanstalt, 4, 863. 

* p ogg. Annal. 104, 482. § Vierteljahresschriffc f. prakt. Pharm. 8, 161. 


■Quant. VOL. I, 


| Zeitschr. f. anal. Chem 4, 160. 
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This method is less adapted to the separation of soda from mag- 
nesia as silicofluoride of sodium is more soluble in spirit than tho 
potassium salt. In the case of sulphates the method must be re- 
jected j in the case of chlorides or nitrates, add 2 volumes of strong 
alcohol after the hydrofluosilicic acid, and allow to settle completely 
before filtering. 

e» Indirect methods , which give at the same time the quantity 
of potassa and soda, if both are present, 
a. Weigh the sulphates, divide the solution into two parts, in 25 
one estimate the magnesia (§ 104 , 2 ), in the other the potassa ( 2 ), 
calculate the sulphate of magnesia and the sulphate of potassa, and 
find the sulphate of soda from the difference. 

0 . Convert, with proper, care, the bases into pure neutral sul- 26 
phates, weigh, dissolve in water, and determine the sulphuric acid 
by chloride of barium (§132); precipitate the excess of baryta from 
the filtrate by sulphuric acid, filter again, concentrate the filtrato 
by evaporation, and determine the magnesia as directed § 104, 2 
(K. List*). 

Calculate the magnesia found into sulphate, and deduct this 
from the total weight of the sulphates : the difference shows the 
quantity of the alkaline sulphates ; deduct also the sulphuric acid 
combined with the magnesia from the total quantity of sulphuric 
acid : the difference gives the amount qpmbined with the alkalies. 
See 6 - * 

It will be readily understood that good results cannot be ex- 
pected from these indirect methods unless the greatest care is used. 
The tendency of sulphate of baryta to carry down soluble salts, 
interferes ^ith the accuracy of p. 

II. Separation of the Oxides of the Second Group 

FROM EACH OTHER. 


§ 154- 

Index:— The Nos. refer to those in the margin* 

Baryta from strontia, 28, 31, 40. 
s „ lime, 30, 31, 35, 4°» 

„ magnesia, 27, 24 
Strontia from baryta, 28, 31, 40. 

' „ lime, 34, 38, 39. 

%, magnesia, 27, 29. 

Lime from baryta, 28* 30, 31, 35, 4a 
„ strontia, 34. 38, 39. 

„ magnesia, 27, 32, 33,36, 37.T 
Magnesia from baryta, 27, 29. 

,, Strontia, 27, 29. 

„ lime, 27, 32, 33, 36, 37.+ 

A. 

THE WHOLE OF THE ALKALINE EARTHS FROM EACH OTHER. 

Proceed s in 10 . The magnesia is precipitated from * e 
filtrate as ammomo-pbosphate (see p. 421 , foot note), i ^ 
cipitated carbonates of the baryta, strontia, and lime, are di» 

* Annal. d. Chem. u. Pharm. 81, 117 8 -a 

t Compare the method of Oeffinger, Zeitachr. f. anal. Chom. 
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in hydrochloric acid, and the bases separated as directed in 28 . 

The traces of magnesia, which may be present in the carbonate of 
ammonia precipitate, are obtained by evaporating the filtrate from 
the sulphate of strontia or lime to dryness, taking up the residue 
with water and precipitating the solution with ammonia and phos- 
phate of soda and ammonia. 

B. Special Methods. 

1. Methods based upon the Insolubility of Silicofiuoride of 

Barium . 

Baryta from Strontia and from Lime. 

Mix the neutral or slightly acid solution with hydrofluosilicic 28 
icid* in excess, add one-third of the volume of alcohol of *8i sp. gi\, 
let the mixture stand twelve hours, collect the precipitate of silico- 
horide of barium on a weighed filter, wash with a mixture of equal 
parts of water and alcohol, until the washings cease to show even 
the least trace of acid reaction (but no longer), and dry at ioo°. 
Precipitate the strontia or lime from the filtrate by dilute sul- 
phuric acid (§ 102, i, a, and § 103, 1). The results are satisfactory. 

For the properties of silicofiuoride of barium, see ' § 7 1 . If both 
strontia aid lime are present, the sulphates are weighed, and then, 
separated according to 34> or they are converted into carbonates. 

(§ 132, II., b), and separated*accordmg to 38 or 39 * 

2. Methods based upon the Insolubility of Sulphate of \ Baryta , 

or Sulphate of Strontia , as the case may be, in water and 
in Solution of Hyposulphite of Soda. 

a. Baryta and Strontia from Magnesia. 

Precipitate the baryta and strontia with sulphuric acid (§ 101, 29 
1, a, and § 102, 1, a), and the magnesia from the filtrate with 
ammonia and double phosphate of Soda and ammonia (§ 104, 2). 

k Baryta from Lime. 

Mix the solution with hydrochloric acid, then with highly, dilute 30 - 
sulphuric acid (1 part acid to 300 water), as long as a precipitate 
or ms; allow to deposit, and determine the sulphate of baryta as 
erected § 101, 1, a. Concentrate the washings by evaporation, and 
a d them to the filtrate, neutralize the acid with ammonia, and 
precipitate the lime as oxalate (§ 103, 2, b, a). The method is prin- 
cipa ly to be recommended when small quantities of baryta have to* 
j 0 se P ar ated from much lime. If we have to separate sulphate of 
rcV? su *Pkate baryta the salts may .'(in the absence of free 
1 s ) be treated repeatedly with a solution of hyposulphite of soda 
* -* be sulphate of baryta remains undissolved, the 
filtr ^ me dissolves. The lime is precipitated from the* 

a e by oxalate of ammonia (Diehl+). 

3 * Method based upon the different deportment with Carbonated 
Alkalies of Sulphate of Baryta on the one hand and 
Sulphates of Strontia and Lime on the other. 
aryta from Strontia and Lime. 

gest the precipitated sulphates of the three bases for twelve 31 

* If not kept in a gutta-percha bottle it should be freshly prepared. 

+ Journ. f. prakt. Chem. 79, 430. 
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hours at the common temperature (15 0 — 20°), with frequent stirring, 
with a solution of carbonate of ammonia, decant the fluid on to a 
filter, treat the residue repeatedly in the same way, wash finally 
with water, and in the still moist precipitate, separate the unde- 
composed sulphate of baryta by means of cold dilute hydrochloric 
acid from the carbonates of strontia and lime formed. To hasten 
the separation you may boil the sulphates for some time with a solu- 
tion of carbonate of potassa (not soda) to which ^ the amount of 
the carbonate, or more, of sulphate of potassa has been added. By 
this process also the sulphates of strontia and lime are decomposed, 
the Sulphate of baryta remaining unacted on. If the bases are in 
solution, the above solution of carbonate and sulphate of potassa 
is added in excess at once, and the whole boiled. The precipitate, 
consisting of sulphate of baryta and carbonates of strontia and 
lime, is to be treated as above with cold hydrochloric acid (II. 
Rose*). 

4. Methods based on the Insolubility of Sulphate of Lime in 
Spirit of Wine . 

Lime from Magnesia. 

a. Dissolve the bases as chlorides, remove the water by evapo- 32 
ration, dissolve the residue in strong (but not absolute) alcohol, add 

a slight excess of pure strong sulphuric acid, digest in the cold, 
allow to st%nd for some hours, transfer the precipitate consisting of 
sulphate of lime and some sulphate of magnesia to a filter, wash 
away the acid thoroughly with nearly absolute alcohol, and then con- 
tinue the washing with alcohol sp. gr. *96 — '95 till a few drops 
of the washings give no residue on evaporation. Weigh the sul- 
phate of lime according to § 103, 1. Evaporate the alcohol from 
the filtrate, and estimate the magnesia according to § 104, 2. The j 
method is in itself not new, but A. CHiZYNSKi,t adopting the 
precautions here given, has obtained excellent results, even in the 
presence of phosphoric acid. 

b. Small quantities of Lime from much Magnesia. 33 

Convert the bases into neutral sulphates, dissolve the mass in water, 
and add alcohol with constant stirring, till a slight permanent tur- 
bidity is produced. Wait a few hours and then filter, wash the 
precipitated sulphate of ljme with alcohol which has been diluted 
with an equal volunie of water, and determine it after § 103, h 
(in which case the weighed sulphate must be tested for magnesia), 
or dissolve the precipitate in water containing hydrochloric acid 
and separate the lime from the small quantity of magnesia possibly 
coprecipitated according to 36 (ScheererI). » 

5 Methods based on the Insolubility of Sulphate of Strontia 
and Baryta in solution of Sulphate of Ammonia. 

Strontia from Lime. If the mixture is soluble, dissolve m 3 l 
the smallest quantity of water, add about 50 times the quantity 01 
the substance of sulphate of ammonia dissolved in four times 1 3 
weight of water, and either boil for some time with renewal of the 

* Pogg. Annal. 95, 286, 290, 427. + Zeitschr. f. anal. Chem. 4 > 34 * 

t Annal. d. Chem. u. Pharm. no, 237. 
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water that evaporates and addition of a very little ammonia (as the 
solution of sulphate of ammonia becomes acid on boiling), or allow 
to stand at the ordinary temperature for twelve hours. F ilter and 
wash the precipitate, which consists of sulphate of strontia and a 
little sulphate of strontia and ammonia, with a concentrated solu- 
tion of sulphate of ammonia till the washings remain clear on 
addition of oxidate of ammonia. The precipitate is cautiously 
ignited, moistened with a little dilute sulphuric acid (to convert the 
sinall quantity of sulphide of strontium into sulphate), reignited 
and weighed. The highly dilute filtrate h precipitated with oxalate 
of ammonia, and the lime determined according to § 103, 2, b, a. 

If you have the solid sulphates to analyse, they are very finely 
powdered and boiled with concentrated solution of sulphate of 
ammonia with renewal of the evaporated water and addition of a 
little ammonia. Results very close, e.g. , 1-048 Sr 0 ,N 0 6 instead of 
1*053, and -497 Ca 0 , 00 2 , instead of *504 (II. Rose*). 

Baryta may be separated from Lime in the same way. 35 

6 . Methods based upon the Insolubility of Oxalate of Lime in 
Chloride of Ammonium and in Acetic Acid. 

Lime from Magnesia. t 

a. Mix the properly diluted solution with sufficient chloride of 36 
ammonium to prevent the formation of a precipitate by afnmonia, 
which is added in slight excess ; add oxalate of ammonia as long as 
a precipitate forms, then a further portion of the same reagent, 
about sufficient to convert the magnesia alsa into oxalate (which 
remains in solution). This excess is absolutely indispensable to 
insure complete precipitation of the lime, as oxalate of lime is 
slightly soluble in chloride of magnesium not mixed with oxalate of 
ammonia (Expt. No. 83). Let the mixture stand twelve hours, 
decant the supernatant clear fluid, as far as practicable, from the 
precipitated oxalate of lime, mixed with a little oxalate of magnesia, 
on to a filter, wash the precipitate once in the same way by decanta- 
tion, then dissolve in hydrochloric acid, add water, then ammonia 
in slight excess, and a little oxalate of ammonia. Let the fluid 
stand until the precipitate has completely subsided, then pour on to 
i the previous filter, transfer the precipitate finally to the latter, and 
proceed exactly as directed § 103, 2, 6, a. The first filtrate contains 
by fur the larger portion of the magnesia, the second the remainder. 
Evaporate the second filtrate, acidified with hydrochloric acid, to a 
small volume, tj^en mix the two fluids, and precipitate the magnesia 
double phosphate of soda and ammoniaf as directed § 104, 2. 
f the quantity of ammonia salts present is considerable, the estima- 
nm of the magnesia is rendered more accurate by evaporating the 
nids, in a large platinum or porcelain dish to dryness, and igniting 
e residuary saline mass, in small portions at a time, in a smaller 
P atinum dish, until the ammonia salts are expelled. The residue 
! s then treated with hydrochloric acid and water, warmed, allowed 
Rnd rendered just alkaline with ammonia. If enough 

f is preferable to phosphate of soda as a precipitant, see Moim, Zeitschr. 

•"■uai. them. 12, 36. 
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chloride of ammonium is present, no hydrate of magnesia will fall 
down, but occasionally small flocks of silica or alumina are to bp 
seen. Filter them off and finally precipitate with ammonia and 
double phosphate of soda and ammonia. If the precipitate produced 
by ammonia is at all considerable dissolve it in hydrochloric acid, 
evaporate the solution on a water-bath to dryness, treat the residue 
with hydrochloric acid and water, render alkaline with' ammonia, 
filter and add the filtrate to the principal solution. 

Numerous experiments have convinced me that this method, 
which is so frequently employed, gives accurate results only if the 
foregoing instructions are strictly complied with. It is only in 
cases where the quantity of magnesia present is relatively small, 
that a single precipitation with oxalate of ammonia may be found 
sufficient (comp. Expt. No. 84*). 

’ b, In the case of lime and magnesia combined with phosphoric 3? 
acid, dissolve in the least possible quantity of hydrochloric acid, 
add ammonia until a copious precipitate forms ; redissolve this by 
addition of acetic acid, and precipitate the lime with an excess of 
oxalate of ammonia. To determine the magnesia, precipitate the 
filtrate with ammonia and double phosphate of soda and ammonia. 
As free acetic acid by no means prevents the precipitation of small 
quantities of oxalate of magnesia, the pi^cipitate contains some 
magnesia,, and, as oxalate of lime is ntl quite insoluble in acetic 
acid, the filtrate contains some lime ; these two sources of error 
compensate each other in some measure. In accurate analyses, 
however,>tbese trifling admixtures of magnesia and lime are after- 
wards Separated from the weighed precipitates of carbonate of lime 
and pyrophosphate of magnesia respectively. 

7 . Method baaed upon the Insolubility of Nitrate of Strontia in 
Alcohol and Ether. 

Strontia from Lime ( after Stromeyer). 

Digest the perfectly dry nitrates in a closed flask with absolute 30 
alcohol, to which an equal volume of ether should be added (II. 
Rose). Filter off the undissolved nitrate of strontia in a covered 
funnel, wash with the mixture of alcohol and ether, dissolve in 
water, ami determine as sulphate of strontia (§ 102, 1). Precipitate 
the lime from the filtrate by sulphuric acid. The results are satis- 
factory. 

8 . Indirect Method. 

STBOjte^FROM Lime. * 

Def$rj|^ as carbonates,* precipitating them 33 

either ^fh^itjarhpnate, or with oxalate of ammonia (§§ 102, 103) > 
theii ^stuhate 06 amount of carbonic acid in them, and calculato 
the amount qjf strontia and of lime as directed in .§ 200. The de- 
terminatiohA)^ ihecarbonic acid may be effected by fusion with 
vitrified II., c), but the application of a modorato 

* Further experiment* will be found in Zeitschr. f. anal. Chem. 7, 3 * 0, o ( ^ 
pare also Wittstelv, Zeitschr. f. anal. Chem. 2, 318, and (Joss a, f A ;ll 
According to Hager, lb. 9, 254, the precipitate of oxalate of lime will he • lit 
magnesia if filtered off immediately ; however, I fear that a little lime wife 
this case be left in solution. 
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wliite heat, such as is given by a good gas blowpipe without the use 
of a crucible jacket, is alone sufficient to drive out all the carbonic 
acid from both the carbonates (F. GL Schaffgotscii*). I can 
strongly recommend this method. It is well to precipitate the 
carbonates hot, to press the precipitate cautiously down in the 
platinum crucible and turn over the agglomerated cake every now 
and then till, after repeated ignitions, the weight has become con- 
stant. The results are good, if neither of the bases is present in 
too minute quantity. 

The indirect separation may of course be effected by means of 40 
other salts, and can be used also, for the determination of lime in 

PRESENCE OF BARYTA or of BARYTA IN PRESENCE OF STRONTIA. In 

the expulsion of carbonic acid from carbonate of baryta vitrified 
borax must be used (§ 139, II., c). 

THIRD jGROUP. 

ALUMINA — SESQUIOXIDE OF CHROMIUM. 

1. SEPARATION OF THE OXIDES OF THE THIRD GROUP 

from the Alkalies. 

•« § 155- 

x. From Ammonia. 

a. Salts of alumina and bf sesquioxide of chromium may be 41 
separated from salts of ammonia by ignition. However, in the case 

of alumina, this method i& applicable only in the absence of 
chlorine (volatilization of chloride of aluminium). The safest way, 
therefore, is to mix the compound with carbonate of soda before 
igniting. ' 

b. Determine the ammonia by one of the methods given in 42 
§ 99> 3» using solution of potassa or soda to effect the expulsion of 
the ammonia. The alumina and sesquioxide of chromium are then 
determined in the residue in the same way as in 43* 

2. From Potassa and Soda. 

a. Precipitate and determine the sesquioxide of chromitfm and 43 
alumina with ammonia as directed in § 150, a, and § 106, 1, a. The 
filtrate contains the alkalies, which are then freed from the salt of 
ammonia formed, by evaporation to dryness and ignition. In the 
presence of large quantities of alkali salts it is well to dissolve the 
•moderately ignited precipitate in hydrochloric acid, and , repreci- 
pitate with ammonia. 

b ; Alumina may be separated also from potassa and soda, by 44 
heating the nitrate (see 46). 

* Fogg. Annal* 113, 6iS» 
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II. Separation of the Oxides of the Third Group 
from the Alkaline Earths. 

§ 156. 

Index : — The Nos. refer to those in the margin. 

Alumina from baryta, 45-50, and 51. 

„ strontia, 45-50, and 51. 

„ lime, 45-50, and 52, <3, 54. 

. » f magnesia, 45-50. and 53, 54. 

Setquioxide of chromium from the alkaline earths, 55-5SI 

a . Separation of Alumina from the Alkaline Earths. 

A. General Methods . 

The whole of the Alkaline Earths from Alumina. 

1. Method based upon the Precipitation of Alumina bp Ammonia, 
and upon its Solution in Soda . 

Put the solution in a platinum dish or, with less advantage, 45 
a porcelain dish. Let it be dilute and warm. Add a tolerable 
quantity of chloride of ammonium, if such be not already present, 
then very gradually, almost drop by drop (Wrinkle*), ammonia 
as free as possible from carbonic acid, in moderate excess, and boil 
till no more free ammonia is observable^ Under these circum- 
stances, a litfle magnesia, and also a small quantity of carbonate of 
lime, baryta, or strontia are at first precipitated along with the 
alumina; on the boiling with chloride of ammonium, the copreci- 
pitated alkaline earths redissolve, so that the alumina finally retains- 
only an unweighable or scarcely weighable trace of magnesia, Sic. 
Allow to deposit, and proceed with the alumina determination 
according to § 105, a. In very exact analysis it is well, after 
moderately washing the alumina precipitate, to redissolve it in 
hydrochloric acid, and reprecipitate with ammonia as above. In. 
separations of alumina from lime or magnesia this double preci- 
pitation is especially necessary in the presence of sulphates. After 
the alumina has been weighed fuse it for a long time with bisul- 
phate of potassa, dissolve the fused mass in water, and determine 
any silicic acidf that may remain. The solution, when mixed with 
potassa in excess, will often not appear perfectly clear, but will con 
tain a few flocks of magnesia (perhaps also traces of carbonate of 
lime, baryta, or strontia). If there is any amount of the latter, 
filter it off, dissolve in nitric acid, precipitate with ammonia, boil 
till the fluiA^Bses to smell of ammonia, filter, evaporate the small 
quantity o|^Hl in a platinum capsule, ignite, weigh the residual 
magnesi$®Hpf] may contain traces of other alkaline earths), deduct 
it from tSHmina, dissolve it in hydrochloric acid, and add to the 
origina$|j|pite. In order to the further separation of the alkaline 
earths, llSiify the fluid containing them with hydrochloric acid,, 
evaporate (preferably in a platinum dish) to a small bulk, and while 
still warm add ammonia just in excess. A small precipitate of 

♦ Zeitschr. f. anal. Chcm. io, 96. 

t A small quantity will always be found if you have boiled in a glass or porce- 
lain vessel. 
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alumina is sometimes formed at this stage ; filter off, wash and 
weigh with the principal precipitate. In the filtrate determine the 
alkaline earths according to § 154. 

Instead of precipitating the alumina as directed, you may add 
ammonia in moderate excess to the boiling hot solution, boil for two 
minutes, acidify distinctly with acetic acid, heat again for a few 
minutes, add ammonia till very slightly alkaline, and then proceed 
as above.* 

2. Method based upon the unequal Decomposability of the Ni- 
trates at a Moderate Heat (DevilleI"). 

To make this simple and convenient method applicable, the 46 
bases must be present as pure nitrates. Evaporate to dryness in a 
platinum dish, and heat gradually, with the cover on, in the sand- 
or air-bath — or, better still, on a thick iron disk, with two cavities, 
one for the platinum dish, the other, filled with brass turnings, for 
the thermometer (comp. §31) — to from 200° to 250°, until a glass 
rod moistened with ammonia ceases to indicate further evolution of 
nitric acid fumes. You may also, without risk, continue to heat 
until nitrous acid Vapors form. The residue consists of alumina, 
nitrates of baryta, strontia, and lime, and nitrate and basic nitrate 
of magnesia. 

Moisten the mass with* a concentrated solution of nitrate of 
ammonia, and heat gently, but do not evaporate to dryness.t Repeat 
this operation until no further evolution of ammonia is perceptible. 

(The basic nitrate of magnesia, insoluble in water, dissolves in nitrate 
of ammonia, with evolution of ammonia, as neutral nitrate of 
magnesia.) Add water, and digest at a gentle heat. 

If the nitrate of ammonia has evolved only imperceptible 
traces of ammonia, pour hob water into the dish, stir, and add 
a drop of dilute ammonia ; this must cause no turbidity in the 
fluid ; should the fluid become turbid, this proves that the 
heating of the nitrates has not been cpntinued long enough ; 
in which case you must again evaporate the contents of the 
dish, and heat once more. 

The alumina remains undissolved in the form of a dense granular 
substance. Decant after digestion, and wash with boiling water ; 
1 R n ite strongly in the same vessel in which the separation has been 
effected, and weigh. Test the weighed alumina 1 according to 45* 
Separate the alkaline earths as directed § 154. 

In the same way alumina may be separated also from potassa 
a nd soda ( 44 )* * 

3. Method in which the processes of 1 and 2 are combined . 

Precipitate the alumina as in 45, wash in the same way as there 47 
Erected, then treat while still moist with nitric acid, and proceed 
Wording to 46 to remove the trifling amount of magnesia, <fcc., 
^precipitated ; add the solution obtained to the principal solu- 
J?? the alkaline earths, and treat the fluid as directed in 45* 

Ins method may be employed also in the case of chlorides ) it will 
^ s °metimes found useful. 

* Handb. der anal. ChenV. v. H. Rose, 6 Aufl. von Finkener, ii. 647# 
t Journ. f. prakt. Chem. 1853, 60, 9. 
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4. Method based upon the Precipitation of Alumina by Acetate 

or Forrniate of Soda upon boiling. 

The same process as for the separation of sesquioxide of iron 48 
from the alkaline earths. The method is employed more particularly 
•when both alumina and sesquioxide of iron have to be separated 
from alkaline earths at the same time. The precipitation of the 
alumina is usually not quite thorough, so that it will be necessary 
to separate the dissolved alumina from the filtrate (45)* 

5. Method based on the Precipitation of Alumina by Succinate 

of Ammonia. 

Proceed as for the precipitation of sesquioxide of iron hy the 49 
same reagent (§ 159) ; especially to be Employed, when alumina and 
sesquioxide of iron are both to be separated from alkaline earths at 
the same time. The filtrate must be tested according to 48- 

6 . Method based upon the Formation of a Soluble Alkaline 

Aluminate in the dry way. 

See § 161 . 50 

B. Special Methods. 

Some op the Alkaline EAths^ from Alumina. 

I. Methods based upon the Prec fXjfy tion of some of the Salts of 

the Alkaline Earths. ** 

a . Baryta and Strontia from Alumina. 

Precipitate the baryta and strontia mih sulphuric acid (§§101 and 51 
102), and the alumina from the filtrate as directed § 105, a. This 
method i|3 especially suited for the separation of baryta from alu- 
mina. f Tn accurate analyses the sulphate of baryta must be purified 

according to 12* 

b . Limb ,from Alumina. 

Addammoniatothe solution until a permanent precipitate forms, 52 
then acetic acid until this precipitate is redissolved, then acetate of 
ammonia, and finally oxalate of ammonia in slight excess (§ 103, 2, 
b, 0) ; allowithe precipitated oxalate of lime to deposit in the cold, 
then filter* and precipitate the alumina from the filtrate as directed 
§ 1 05, a . : Compare § 46 i, 4, b. 

0. Magnesia and small quantities of Lime from 
Alumina. 

Mix tartaric acid, supersaturate with ammonia and 53 

from (in the presence of enough alumina no tartrate 

of limeJf raMBated) precipitate first the lime by oxalate of am- 

monfejJjjiOT double phosphate of soda and ammonia. 

If th^pjjbiHHf determined in the filtrate, the latter must bo 
^vapprawg^ffip^Hiion of carbonate of soda and nitre to dryness, 
the residuq^Jpited, sof tened with water, dissolved in hydrochloric 
acid (not ih*|$e platinum dish), and the alumina precipitated by 
ammonia. |$ij§ ammonio-phosphate of magnesia which may con- 
tain basic , tartrate of magnesia is to be dissolved in hydrochloric 
acid, reprecipitated with ammonia, with addition of some double 
phosphate of soda and ammonia, then dried, ignited, and weighed. 
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2 . Method based upon the Precipitation of Alumina by Carbonate 
of Baryta . 

Alumina from Magnesia and small quantities of 
Lime. 

Mix the slightly acid dilute fluid in a flask, with a moderate 54 
excess of carbonate of baryta shaken up with water ; cork the flask 
and let the mixture stand in the cold until the hydrated alumina 
has subsided, wash by decantation three times, filter, and then 
determine the alumina in the precipitate as directed 51 ; in the fil- 
trate, first precipitate the baryta by sulphuric acid (30), and then 
separate the lime and magnesia according to § 154 . 

b 1, Separation of Sesquioxide of Chromium from the Al- 
kaline Earths. 

1 . The best way to separate The whole of the alkaline 
earths from sesquioxide of chromium at the same time is to con- 
vert the latter into chromic acid. This may be done in the dry or 

the wet way. .. _ x* cc 

a. Dry way. Mix the powdered substance with about 5 times 00 
its weight of a mixture of 2 parts of carbonate of soda and 1 part of 
nitre, and fuse in a platinum cwucible. On treating the fused mass 
with hot water, the chronfidBgissolves as alkaline chromate (to be 
estimated according to § ij&Sjt while the alkaline earths remain 

in the residue as carbonates or in the caustic state (magnesia). It 
the residue is not perfectly white, extract the remainder of the 
chromic acid from it by boiling with solution of carbonate of soda. 

b. Wet wap. Suitable for separating chromium from baryta, 56 

strontia, and lime. - . 

a. Nearly neutralize the acid fluid with carbonate of- soda; add 
excess of acetate of soda, warm and pass chlorine, adding carbonate 
of soda occasionally to keep the fluid nearly neutral. As soon as 
all the chromium is oxidized, precipitate with carbonate of soda by 
the aid of heat, and proceed for the rest according to 55 (Gibbs ). 
Bromine instead of chlorine may be used ; however, the oxidation 
is but tardily effected by the mere addition of bromine water. 

0 . Neutralize the solution with carbdnate of soda, add hypo- 
chlorite of soda and heat; adding more hypochlorite if necessary till 
all the sesquioxide of chromium is converted. % Add now more car- 
bonate of soda, heat, decant through a filter, boil the residue again 
with carbonate of soda, and proceed according to 55* _ 

2 . Sesquioxide of chromium from baryta, strontia, and 57 
lime. To separate baryta and strontia, precipitato the moderately 
acid, hot, dilute solution with sulphuric • acid— in the presence ot 
strontia, allow to cool and add alcohol — -and when the precipi a o 
has settled, filter. Sesquioxide of chromium cannot be separated 

by ammonia from the alkaline earths, since, oven though carbonic 

acid be completely excluded, particles of the alkaline earths are 
thrown down with the sesquioxide of chromium. Frotn so u 10 ns 
containing a salt of sesquioxide of chromium, limo cannot be preci- 
pitated completely by oxalate of ammonia ; but it may 0 y s 
phuric acid and alcohol (§ 103 , 1 ). 

# Zeitachr. f. anal. Chem. 3> 3 2 ^* 
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3. Sesquioxide of cnROMiuM may also be separated from 53 
magnesia and small quantities of lime by means of carbonate of 
baryta. See 54* * * § 

III. Separation of Sesquioxide of Chromium from 
Alumina.* 

§ 157* 

c u Fuse the oxides with 2 parts of nitrate of potassa and 4 parts 59 
of carbonate of soda in a platinum crucible, treat the fused mass 
with boiling water, rinse the contents of the crucible into a porce- 
lain dish or beaker, add a somewhat large quantity of chlorate of 
potassa, supersaturate slightly with hydrochloric acid, evaporate to 
the consistence of syrup, and add, during the latter process, some 
more chlorate of potassa in portions, to remove the free hydro- 
chloric acid. Dilute now with water, and separate the alumina and 
sesquioxide of chromium as directed § 130, II., c. «. If you omit 
the evaporation with hydrochloric acid and chlorate of potassa, 
part of the chromic will be reduced by the nitrous acid in the fluid, 
and sesquioxide of chromium will accordingly, upon addition of 
ammonia, precipitate with the alumina (DexterI"). 

b. Dissolve the oxides in hydrochloric acid, add soda or potassa 60 
solution in sufficient excess and saturate the clear green solution 
with chlorine^gas. The sesquioxide of chromium will be converted 
into chromic acid, and the alumina partially separated. When the 
fluid has become of a pure yellow color, heat to remove the excess 

of chlorine, add carbonate of ammonia, and digest to destroy the 
hypochlorous acid and precipitate the still dissolved alumina, and 
proceed according to § 130, II., c, a (Woiiler+). 

c. Nearly -neutralize the acid solution with carbonate of soda, 61 
add acetate of soda in excess, pass chlorine or add bromine and 
warm. The sesquioxide of chromium will readily be converted into 
chromic acid, especially if carbonate of soda is added every now 
and then to keep the fluid nearly neutral. As soon as this is 
effected proceed according to § 130, II., c, a (Gibbs§). 

FOURTH GROUP. 

OXIDE OF ZINC — PROTOXIDE OF MANGANESE— PROTOXIDE OF NICKEL — 
PROTOXIDE OF COBALT— PROTOXIDE OF IRON— SESQUIOXIDE OF IRON— 
(SESQUIOXIDE OF uranium). 

I. Separation of the Oxides of the Fourth Group from 
the Alkalies. • 

'§ 158. 

■jQa General Methods » 

i. m the Oxides of the Fourth Group from Ammonia. 

Proceed as for the separation of sesquioxide of chromium and 62 
alumina from ammonia, 41. It must be borne in mind that the 

* The separation of alumina from titanic acid will be given under the Analysis 

of Silicates. 

t l’ogg. Atinal. 89, I42. t Annal. d. Chem. u. Pharm. 106, 121. 

§ Zeitschr. f. anal. Chem. 3, 327. 
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f the fourth group comport themselves, upon ignition with 
°u„ride of ammonium, as follows Sesquioxide of iron is partly 
C Hiked as sesquichloride ; the oxides of manganese are converted 
•nt motoehloride of manganese containing protoxide with volatihza- 
*• of some protochloride ;* the oxides of nickel and cobalt are 
“Led to the metallic state, no chloride being lost by volatiliza- 
1 1 t oxide of zinc volatilizes, a# chloride. It is, therefore, gene- 
wily the safest way to add carbonate of soda. The ammonia is 
determined in a separate portion. 

2. All Oxides op the Fourth Group from Potassa and 

^Mix the solution in a flask with chloride of ammonium if 63 
necessary, add ammonia till neutral or slightly alkaline, then 
yellow sulphide of ammonium saturated with sulphuretted hydro- 
gen, fill the flask nearly to the top with water cork it, allow the 
precipitated sulphides to subside, and then filter them oft from the 
fluid containing the alkalies. In performing this process the pre- 
cautionary rules given under the heads of the several «n®tals in 
question (§§ 108—113) must be borne in mind. + (« n ?‘ wl * hs *“ d ' 
ing, the filtrate is brownish, acidify it with acetic acid, pass sul 
phuretted hydrogen, boil and filter off the small quantity of the 
sulphide of nickel which then separates). Acidify the filtrate with 
hydrochloric acid, evaporate* .filter off the sulphur, if nec ® s “J’ 
continue the evaporation to #yness, ignite the residue remove 
the ammonia salts, and determine the alkalies by 
given § 152. 

B. Special Methods . . .. . 04 

1. Oxide of Zing from Potassa and Soda, by precipitat- 64 
ing the zinc from the solution of the acetates with sulphu- 
retted hydrogen (see 87)* 

2. Protoxide of Nickel and Protoxide of Cobalt from 
the Alkalies, by igniting the chlorides in a streamofhydro- 
gen and treating the residue with water. By precipitating the 
alkalies as silicofluorides (§ 9 7 , 5 - Stolba§); less suitable 
for soda than potassa. 

3. Sesquioxide of Iron from Potassa and Soda, by precipitat- 
ing the sesquioxide of iron with amn#>nia ; or by beatin* 

the nitrates (see 45 anc ^ 46)- 

4. Protoxide of Manganese from the. A-^alies. ix 

the neutral or slightly acid solution with* chl0 ^? * * 
moniiAn and precipitate the manganese wit a s & . L 

of carbonate of ammonia. Allow the precipitate to settie m 
a warm place, filter through a thick fiUe ^^Vthe 
water and weigh as protosesquioxide ( • . il' u v ffen tl 0 

filtrate separate the alkalies from the ammoni ^ 

ignition. The separation of manganese as hydrated .per 

* Zeitschr. f. anal. Chem. n, 424. opnnrdin/to § ioq,\ 1. Nickel 

Of ammonia, for anntni.A of soda. .. n . . 


t ammonia for acetate of soda. 

{ Zeitschr. f. anal. Chem. 9, IOO. 


U lb. 11, 425 - 
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oxide cannot be recommended as the precipitate retains 
alkali.* 

II. Separation op tiie Oxides of the Fourth Group from 
the Alkaline Earths. 

.§ 

Index : — The Nos«\|efer tjthose in the margin. 

Oxide of zinc t from bpijyta and strontia, 66, 67, 68, 73. 

„ H$e, 66, 68. 73* / 

,, magnesia, 66, 68. 

Protoxide of manganese from baryta and strontia. 66, 67, 70, 71, 72. 

., , , lime and magnesia, 66, 70, 71, 72. 

Protoxides of nickel and cobalt from baryta and strontia, 66, 67, 73, 75. 

»♦ lime, 66, 73* 75* 

„ ,, magnesia, 66, 74. 

SetquiOxide of iron from baryta and strontia, 66, 67, 69. 

„ „ lime and magnesia, 66, 69. 

A. General Method. 

All Oxides of the Fourth Group from the Alkaline 
Earths. 

Add chloride of ammonium, and, if acid, also ammonia, and 66 
precipitate with sulphide of ammonium, as in 63* Take care to use 
slightly yellow sulphide of ammonium, perfectly saturated with 
■sulphuretted hydrogen, andj:ree from carbonate and sulphate of 
ammonia, and to employ it In sufficient excess. Insert the cork, 
and let the fld&k stand for some time to allow the precipitate to 
subside, then wash quickly, and as far as practicable, out of the 
contact of a^r, with water to which some sulphide of ammonium has 
been added. Acidify the filtrate with hydrochloric acid, heat, filter 
from the. sulphur, and separate the alkaline earths, as directed 
§ 154. If the filtrate is brownish from a little dissolved sulphide 
of nickel, acidify it with acetic acid instead of with hydrochloric 
acid, add some alkaline acetate, pass sulphuretted hydrogen, boil, 
and filter. . 

If the quantity of the, alkaline earths is rather considerable, it 
is advisable to treat the slightly washed precipitate once more with 
hydrochloric acid (in presencAof nickel or cobalt, it is not neces- 
sary to effect pomplcte solution), heat the solution gently for some 
time, and then precipitate in the same way. If we have merely 
to effect the iemotal of ^nickel and cobalt, we may also, after ad- 
dition of sulplucle of ammonium, acidify with acetic acid, add acetate 
of soda, warmb pass sulphuretted hydrogen and filter; but it is 
always necessity to test the filtrate with sulphide of ammonium for 
nickel and cpbi&b. (Compare 90)* 1 

In sepaacffijgg manganese you may also use the method given 
§ 109, 2, this case, too, a double precipitation is to be 

recomm< 



{Method*. 

TA,v S trontia, and Lime, from the whole of the 67 
ides of the Fourth Group. 

Precipitate the baryta and strontia from the slightly acid 
solution with sulphuric acid (§§ 101, 102). The sulphate of 

a Zeitschr. f. anal. Chem, n, 298. 
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baryta (should first bo washed with water acidified with 
hydrochloric acid, but even then you cannot be sure of 
getting it free from iron. The alkaline earthy sulphates 
after weighing must therefore always bo tested for iron, Ac. 


2 . Oxide of Zinc from the Alkaline Eartiis. 0g 

a. Convert the bases into acetates and precipitate the zinc 
from the solution according fo § i63, i, b. 

b. Evaporate the solution of the chlorides, with excess of chlo- 
ride of ammonium, ignite the residue, and if necessary repeat 
the operation. The zinc is expelled as chloride, the alkaline 
earths remain behind* 


3. Sesquioxide of Iron from the Alkaline Earths. 09 

a. Mix the somewhat acid solution with enough chloride of 

ammonium, boil, add slight excess of ammonia, boil till the 
excess of the latter is nearly expelled, and filter. The solu- 
tion is free from iron, the precipitate is free from lime, baryta, 
and strontia, but contains a very slight trace of magnesia 
(H. Rose*). In delicate analyses, after moderately washing 
the hydrated oxide of iron, redissolve it in hydrochloric acid, 
and repeat the precipitation. ' ' • ' 

l. Precipitate the sesquioxide of iron as basic acetate or for- 
miate, compare 84 and 85 • The method is good, and can 
frequently be employed. p ^ 

c. Precipitate the sesquioxide of iron with succinate of am- 
monia (86). 

d. Decompose the nitrates by heat ( 46 )- A good method.t 

e. Precipitate the dilute slightly acid solution with carbonate 

of baryta, and filter, after short digestion in the cold (54)* 
Only applicable in the separation of sesquioxide of iron from 
limo and magnesia. ' 14 

■ ■ 

4. Protoxide of Manganese from the Alkaline Earths. 

0 . Methods based upon the separation of Manganese as Sesquioxide 
or Binoxide. . 

«. The methods (described in the last edition) of Gibbs, ^ $Chiel,§ 70 
H. Rose, 1 1 and others, in which the manganese is thrown* down as 
Moated peroxide by peroxide of lead, by adding acetate of soda 
an< * passing chlorine, or by bromine, canqot tfc relied on, since- 
decided traces of the alkaline earths are always coprecipitated with 
die manganese. Compare also R. Finkener^T, whose experience is 
same. According to Gibbs** the error may be decreased by 
double precipitation. But as the precipitate Usually contains alkali, tt 
an d is therefore unfit to weigh after simple ignition, these methods 
are rai *ely worth using. 

ft Seville’s Method.^ — The bases must be present as nitrates, 71 


* Pogg. Annal. 100, 300. 

+ Compare Latsohinow, Zeitschr. f. anal. Chem. 7 > 2 i 3 * 

J Annal. d. Chem. u. Pharm. 86, 54. 

§ Sillim. Journ. 15, 273. |[ Pbgg. Annal. no, 305, 

If Handbuch d. anal. Chem. v. H. Rose, 6 Aufl. v. Finkener, 2, 925. 

** Zeitschr. f. anal. Chem. 3, 331. tt lb. 11, 298. 

XZ Journ. f. prakt Chem. 60, II. 
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Heat in a covered platinum dish to from 200° to 2 50°, until the 
formation of fumes has completely ceased, and the mass has become 
black ; and proceed in all other respects as directed in 46. The 
presence of a small quantity of organic matter, or the action of a 
too intense heat, may cause the reduction of traces of binoxide of 
manganese, and their solution in nitrate of ammonia; hence the 
solution must always be tested for manganese. The precipitate is, 

I find, never perfectly free from alkaline earths. 

b. Methods based upon the Volumetric determination of Manganese, 
according to Bunsen and Krieger.* 
a. Manganese from Magnesia. *][ 

Precipitate with solution of soda (§ 109, 1 b). Wash the pre- 
cipitate thoroughly, ignite, and weigh. If the quantity of magnesia 
present is sufficient, the residue has the formula, 

Mn a O s ,MgO + a;MgO. 

Treat a weighed sample of it as directed in § 142 ; this will give 
the quantity of the manganese (1 eq. chlorine, or liberated iodine, 
corresponds to 1 eq. Mn a 0 8 ); and, by difference, the quantity of the 
magnesia. 

0. From Baryta and Strontia. 

Precipitate with carbonate of soda (§ 109, 1,0). The ignited 
precipitate ^as the formula, 

Mn 2 O a ,BaO + £cBaO,C0 4 . 

Treat Sfemple as in a ; this will give the quantity of the manganese. 
To find that of the carbonate of baryta, deduct the weight of the 
sesquioxide of manganese from that of the weighed precipitate, and 
add to the difference as much carbonic acid as has been expelled by 
the sesquioxide of manganese, that is, for each eq. Mn a 0 8 , 1 eq. C0 2 . 

y. From Lime. 

Proceed as in ft ; but after ignition, moisten repeatedly with 
carbonate of ammonia, dry, and ignite gently, until the weight 
remains constant. Here, however, it is better to ignite the pre- 
cipitate over the blast gas-lamp until the lime has become caustic. 

N.B.— This ^ne^fbd of volumetric determination of manganese 
presupposes the' pr&sgnce of more than 1 eq. MgO, CaO, <fcc., to 
1 eq. Mn a O. ; for if the case is different, the residue contains 
besides Mn a O s , also Mh 2 O gf AMnO. To adapt the method also to 
cases of the l^^j|jj[|scription, Krieger recommends the following 
process : <Bj|^^Wsample of the weighed precipitate, add half the 
weight zine, precipitate with carbonate of soda, .ignite 

the prec^^HRome time in the air, weigh the product, and use it 
or an allflHErt of it, for the volumetric determination. It contains 
the wljJ|B^|he naanganese as Mn a O . As will be seen, this modi- 
licatio«^fa»tiy complicates the method. In precipitating manganese 
with TOtti Garlionate of soda remember the precautions given in 
§ 109, if a and b, and that the precipitate must be exhausted with 
boiling water after ignition to free it from alkali. 

* Anna!, d. Chem. u. Pkarm. 87, 268. + lb. 43, 14& 
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Protoxide of Cobalt, Protoxide of Nickel, and Oxide 
0F Zinc, from Baryta, Stbontia, and Lime. 

Mix with carbonate of soda in excess, add cyanide of potassium, 73 
heat very gently, until the precipitated carbonates of cobalt, nickel, 
anil z j nc are redissolved ; then filter the alkaline earthy carbonates 
from the solution of the cyanides in cyanide of potassium. The 
former are dissolved in dilute hydrochloric acid, and separated 
according to § 154; the latter are separated according to § 160 
(IIaidlen and F resen ius*). 

6. Protoxide of Cobalt and Protoxide of Nickel from 

Magnesia. 

Precipitate with a mixture of solution of hypochlorite of potassa 74 
and solution of caustic potassa. The precipitate consists of sesqui- 
oxide of nickel, sesqiiioxide of cobalt, and hydrate of magnesia; 
wash thoroughly, and digest, whilst still moist, at a temperature of 
from 30° to 40°, with an excess of solution of chloride of mercury. 

In this process a double salt is formed of MgCl + 3HgCl, and the 
magnesia is dissolved, whilst a corresponding quantity of basic 
chloride of mercury precipitates (djLLGRENf). Evaporate the solu- 
tion and washings, with addition of pure oxide of mercury, and 
determine the magnesia as directed § 1 04, 3, b. ^ Remove the mercury 
from the oxides of nickel and cobalt by ignition, and separate the> 
two metals as directed below. 

7. Protoxide of Cobalt and Protoxide qf Nickel from 

Baryta, Strontia, and Lime. ^ 

Ignite the chlorides of the metals in hydrogen gas, and separate 75 
the reduced nickel and cobalt froin the chloride of barium, &c., by 
treating with water. 

HI. Separation of the Oxides of the Fourth Group from 
those of the Third, ANfc> from each other. 

§’ 1 6b. 

Index : — The Nos. refer to those iu the margin. 

Alumina from oxide of zinc, 76, 77, 85, 86, 87, 97. 

,, protoxide of manganese, 76, 77, 7^».§& ^6, 108. 

,, protoxides of nickel and cobalt, 76, 7ljp8o> 85, 86, 97 * 

„ protoxide of iron, 76, 77, 78, 85. 

,, sesquioxide of iron, 77, 78, 84, 9 1, 92, 104. . 

Sesquioxide of chromium, from oxide of zinc, protoxides of manganese, nickel, 
cobalt and iron, 76, 77, 93 * 94 - 
„ , sesquioxide of iron, 77, 9 l > 9 3 > 94 * 

Oxide of zinc from alumina, 76, 77, 85/ 86, 87, 97. 

,, sesquioxide of chromium, 76, 77 > 93 > 94 * 

„ protoxide of manganese, 81, 87, 88, 109. 

„ protoxide of nickel, 88, 100, ioi, 102. 

„ protoxide of cobalt, 88, 96, 99, 101, 102. 

,, sesquioxide of iron, 76, 82, 85, 86, 103, 100. 

Protoxide of manaanese from alumina, 76, 77, 7 ^» ° 5 > 

sesquioxide of chronuum, 76, 77 » 93 > 94 * 
oxide of zinc, 81, 87, 88, 109. 
protoxide of nickel, 81, 89, 9 °» I0I » 
protoxide of cobalt, 89, 90, 96, 101.. 
t9 sesquioxide of iron, 76, 82, 85, 86, 108. 

* Annal. d. Chem, u. Pharrn. 43, 14a t Berzelius’ Jaliresber. 21, 146. 

QUANT. VOL. I. F P 
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Protoxide of nickel from alumina, 76, 77, 8o, 85, 86, 97. 

,, sesquioxide of chromium, 76, 77, 93, 94. 

M oxide of zinc, 88, 100, 101, 102. 

,, protoxide of manganese, 81, 89, 90, 101. 

,, protoxide of cobalt, 95, 06, 98, no. 

,, sesquioxide of.iron, 76, so. 82, 85, 86, 89, 106. 

Protoxide of cobalt from alumina, 76, 77, 80, 85, 86, 97. 

„ sesquioxide of chromium, 76, 77, 93, 94. 

,, ,, oxide of zinc, 88, 96, 99, 101, 102. 

,, j .v. , protoxide of manganese, 89, 90, 96, 101. 

4 protoxide of nickel, 95, 96, 98, no. 
t&ff- sesquioride of iron, 76, 80, 82, 85, 86, 89, 106. 

Protoxide of from^lumina, 76, 77, 78, 85. 

„ sesquioxide of chromium, 76, 77, 93, 94. 

„ , sesquioxide of iron, 76, 83, 85! 105, 107, in. 

Sesquioxide of iron from alumina, 77, 78. 84, pi, 92, 104. 

. ' ■ j'f ’ ' sesquioxide of chromium, 77, 91, 93, 94. 

. •. „ oxide of zinc, 76, 82, 85, 86, 103, 106. 

v,, protoxide of manganese, 76, 82, 85, 86, 10S. 

„ protoxide of nickel, 76, 80, 82, 85, 86, 89, 106. 

* : ,, protoxide of cpbalt, 76, 80, 82, 85, 86, 89, 106. 

„ protoxide of iron, 76, 83, 85, 105, 107, in. 

A. General Methods'. 

, 1. Method hosed upon the 'Precipitation of some Oxides by 
Carbonate of Baryta. 

Sesquioxide op Iron, Alumina, and Sesquioxide op CimoMinr, 

FROM ALL otfHEft BASES OP THE FOURTH GROUP. • 

Mix Jhe sufficiently dilute solution of the chlorides or nitrates, 76 
but not sulphates, which must ©obtain a little free acid/ in a flask, 
with a moderate excess of carbonate of baryta* defused in water; 
cork, ‘and allow to stand some time in the coldjmth occasional 
shaking. The sesquioxide of irdn, alumina, and' sesquioxide of 
chromium, are completely separated, + whilst the other bases remain 
in solution, with the exception perhaps of traces of protoxide of 
cobalt and protoxide of nickel, which will generally fall down with 
the precipitated ‘oxides. This xnay .be prevented, at least as regards 
nickel, by addition of chloride of ammonium to the fluid to be pre- 
cipitated (SchWarzenbeEq^). \ Decant, fefir up with cold water, 
allow to deposit, deca^ff again*; vfctoih with cold water. 

The prepi||t#e cont^fs, besides tp£ precipitated oxides, carbonate 
of barytaffafld “the fiHratC, bew<S^ J 't&v:»on-precipitated oxides, a 
salt of baryph', * 

If protc^dO of iron is preset pShd it is wished to separate it by 
this method; frbm sesquioxide of irbu, &c., the air must be excluded 
during the’ifrbple of the^ operation* a is a flask in which the sub- 
stances is dissMvei^| otid the operations of precipitation and washing 
by decantajj^^^ effected. Carbonic acid enters through h, and in 
making th must be remembered that we have to 

depend, of the gas for filling d. The water in the 

bottle W -bft used for washing should have been boiled 

and coolol'a >current of carbonic acid. The glass tubes fitting 

* If there is much free acid, the greater part of it must first be saturated wit 
carbonate of soda. . . 

+ The separation of the so*quioxide of chromium requires the most tin . 
j , '' $ Aiuial. d. Cliem. u. riiarm. 97, 216. 
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in a should be smeared with tallow. In washing, the supernatant 
iluid, as clear as possible, is made to pass through the asbestos filter 



«■ Ueh 

a s yphon. 


Fig. io£ 

placed sufficiently, below a, d> when onoe filled, will aot as 


2t Method based upon the precipitation of ' the Oxides of the 
Fourth Group by Sulphide of Sodium , or Sulphidecf Ammo- 
nium, from Alkaline Solution effected with the did of Tar- 
taric Acid, ; '•* 

iinA? UMlNA and Sesqvioxide of Chromium from the Oxides of 
^Fourth Group. 

lx ^he solution with pure neutral tartrate of potash,* then with 77 
^itartrate^ 0 ac ^ °^ en contains alumina, therefore this is best made from the 
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pure solution of soda or potassa until the fluid has cleared again ;* 
add sulphide of sodium as long as a precipitate forms, allow it ta 
deposit until the supernatant fluid no longer exhibits a greenish 
or brownish tint; decant, stir the precipitate up with water containing 
sulphide of sodium, decant again, transfer the precipitate, which 
contains all the metals of the fourth group, to a filter, wash with 
water containing sulphide of sodium, and separate the metals as 
directed in B. Add to the filtrate nitrate of potassa, and evaporate 
to dryness ; fuse the residue in a platinum dish, and separate the 
alumina from the chromic acid formed as directed § 157. If you 
have merely to separate alumina from the oxides of the fourth group, 
it is better, after addition of tartrate of potash, to supersaturate with 
ammonia, add chloride of ammonium, and precipitate in a Husk with 
sulphide of ammonium. When the precipitate has settled it is filtered 
off and washed with water containing sulphide of ammonium. The 
filtrate is evaporated in a platinum dish with carbonate of soda and 
nitrate of potassa to dryness, fused, and the alumina determined ia 
the residue. 

B. Special Methods. 

1. Methods based upon the Solubility of Alumina in Caustic 
Alkalies. 

a. Alumina from Protoxide and Sesquioxide of iron, and 73 
Small Quantities of Protoxide of Manganese (but not from the 
protoxides of nickel and cobalt). 

Mix the hydrochloric solution with carbonate of soda or pure 
potash till the greater part of the free acid is neutralized, and pour 
the solution gradually into excess of pure potash heated nearly to 
boiling in a platinum or silver dish, stirring all the while. Porcelain 
does not answer so well, and glass should on no account he used. 
The iron, if present as sesquichloride, separates as hydrated sesqui- 
oxide, while the alumina remains in solution as alkaline aluminute. 
The hydrated protosesquioxide of iron is mofe easy to wash than 
the sesquioxide, hence when much iron is present it is better ta 
reduce a part by cautiously adding sulphite of soda and heating, 
so that when the solution is added to the boiling potash a black 
granular precipitate may be formed. The iron precipitate is sure to 
contain alkali, and must be dissolved in hydrochloric acid, the solu- 
tion boiled, with niffric acid if necessary, and reprecipitated with 
ammonia. 

To the alkaline filtrate add a few drops of hydrochloric acid. If 
the potash was present in sufficient excess the precipitate will re- 
dissolve reacyfr on stirring. Continue adding hydrochloric acid till 
in excess, l». with a little chlorate of potash (to destroy traces 
of organic. Jp^), concentrate by evaporation, and throw down tlm 
alumina ac&trdijig to § 105, a. The above is the best method of 
procedure, but it is always to be feared that small quantities of 
alumina will be retained by the iron precipitate. 

b. Alumina from Sesquioxide of Iron and Protoxides of 

Iron, Cobalt, and Nickel. -q 

Fuse the oxides with hydrate of potassa in a silver crucible, boil (J 

* Sesquioxide of chromium and oxide of zinc cannot ho obtained togctf ,er A 
alkaline solution (Chancel, Compt. rend. 43, 927 ; Journ f. prakt. Chem. 7 °» •>' 
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. mass w ith water, and filter tlio alkaline fluid, wliich contains the 
alumina, from the oxides, which are free from alumina, but contain 
potassa (H. Bose). 

2 . Methods based on the different behavior of the Oxides to Am- 
monia or Carbonate of Ammonia in the presence of 
Chloride of Ammonium. 

a. Alumina and Sesquioxide of Iron FhoM Protoxides of 
Cobalt and Nickel. 

Sesquioxide of iron may be completely separated from these prot- 80 
oxides by mixing the hot solution with chloride of ammonium, and 
then with excess of ammonia, digesting for several hours, washing 
the precipitate, redissolving in hydrochloric acid, reprecipitating 
with ommonia, and repeating the operation a third time. Nickel and 
cobalt arc to be precipitated from the filtrate by addition of sulphide 
of ammonium, and subsequent neutralization with acetic acid. 

If it is desired to remove the chloride of ammonium previously, 
this may be done by evaporating to dryness and heating the residue 
in a porcelain dish or crucible.** 

In separating sesquioxide of iron and alumina from protoxides of 
nickel and cobalt, it is well to substitute carbonate of ammonia 
for ammonia, so as > to injure the complete precipitation of the 
alumina. 

b. Protoxide of Manganese from Protoxide -of Nickel and 81 
‘Oxide of Zinc. 

Tlie solution should be slightly acid and contain chloride of 
ammonium. Precipitate the manganese as white carbonate with 
•carbonate of ammonia, allow to settle in a warm place, filter through 
•a thick paper, if necessary double, wash with hot water, dry the 
precipitate and convert it into protosesquioxide by ignition with 
•access of air. This excellent method was proposed by Tamm*}*, and 
has given me good results.* It is not adapted to the separation of 
cobalt from manganese, as the former is partly precipitated with the 
latter. 


3 . Methods based upon the different deportment of neutralized 
Solutions at boiling heat. 

a. Sesquioxide of Iron from Protoxides of Manganese, 82 
Nickel, and Cobalt, Oxide of Zinc, and other strong Bases, 
af ter 1Iersciiel,§ Sciiwarzenberg|| and my own Experiments. 

Mix the dilute solution largely with chloride of ammonium (at 
least 20 of NH 4 C1 to 1 of MnO,NiO, &c.), add carbonate of ain- 
In( mia in sma ll quantities, at last drop by drop and in very dilute 
solution, as long as the precipitated iron redissolves, winch takes 
place promptly at first, but more slowly towards the end. As soon 


* Platinum vessels may not be used, as they become spotted with mck el-plat 1 num 
and are difficult to cldfe. This method, which I recommended in the last edition 
J® *he presence of small quantities of iron, has been found by v. Baumhauer 
fZeitscbr. f. anal. Clieui. 10, 218), to be very suitable iu the presence of large quan* 
titiea. 

+ Chem News 26 37. t Zeitschr. f. anal. Chem. II, 425. 

$ Aimal. do Chiui. et de rliys. 49, 306. 11 Aunal. d. Chem. u. Pharm. 97, 216. 
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as the fluid has lost its transparency, without showing, hoSvever, tlio 
least trace of a distinct precipitate in it, and fails to recover its 
clearness after standing some time in the cold, hut, on the contrary, 
becomes rather more turbid than otherwise, the reaction maybe 
considered completed. When this point has been attained, heat 
slowly to boiling, and keep in ebullition for a short time after tiro 
carbonic acid has beeii Jbnjirely expelled. The sesquioxide of iron 
separates as a basic salt; ; tapidlv .settles, if the solution was 
not too concentrated. y'PquJf ■■ bi^ the hot fluid through a filter and 
wash by de^nte^i-iomSihed ' with filtration with boiling water con- 
taining a little chloride of ammonium. It is well -to redissolve the pre- 
cipitate in hydrpchloiic acid, and throw down the iron with ammonia. 
The first filtrate should be mixed With excess of ammonia. If a 
small portion of hydrated sesquioxide of iron is thrown down here, 
filter it off, dissolve in hydrochloric acid, precipitate with ammonia 
and Ithus'diree the small quantity of iron., entirely from the strong 
bases ; if, on thp other hand, a larger quantity of iron is thrown down, 
this is a sign that the operation has been conducted improperly, 
and the hydrochloric solution of the precipitate must be reprecipi- 
tated as above. The fluid should not contain more than 3 or 4 grm. 
sesquioxide of iron in the litre, and should be tolerably free from 
sulphuric acid, as when this is present it is impossible to hit the 
exact point of saturation. * 

b. Sesquioxide op- Iron from the Protoxide. 

In compounds which dissolve with difficulty in hydrochloric acid, 83 
but are decomposed by moderately concentrated sulphuric acid at a 
temperature below 3 2 6°,* ScheererI* separates sesquioxide from 
protoxide of iron by dissolving in an atmosphere of carbonic acid 
(which is to be kept up during the entire experiment), diluting with 
pieces of ice free from air, adding carbonate of/ft&monia until the 
acid is nearly neutralized, then finely powdered magnesite (but not 
the artificial carbonate), and boiling from minutes. The 

whole of the sesquioxide of iron , is precipitated byfhis process. The 
precipitate is washed as in 70 , will}, water which, after being mixed 
with some sulpnate of ammonia has been boiled free from air and 
allowed to cool out of contact pf ; K0BEI.14: prefers, as dis- 

solving agent, a mixture of 1 vom. concentrated Sulphuric acid, 

2 vols. W$t£r* and 1 # vol. st^6fi^’p^d||<chloric acid. The solution 
may genofiajfy be effected with oasq,, yathout any oxidation of the 
' protoxide ^ iron, by heating hydrochloric acid or a mixture 
of 4 part^^fleentrated sulpji^ihio ; ' ^eid and 1 part water in sealed 
tubes, ^ (MiTSCHBj^^®^8vBilicates - are also r very conve- 

niently^||totyed with hytfe^uqrj^iid hydrochloric acids, or hydro- 

'• The silicate and its solvent 
be i n ^PIW^^^^ 1 >b ath, in order to prevent access 
of ^ : 0 ylinder • • of plaster of Paris with a cover. 

Tha^fflfefe^Rj® N readily made in the laboratory. It should 
haro a >"side; through which carhgfic acid should 
be passed "i^nng.tbe operation, care being taken tcPIill the cylinder 

* Upon boiling, protoxide of iron is oxidized, the sulphuric acid being reduce 
to sulphurous Acid (v. Kobsll, Annal. d. Chem. u. Pharm. 90, 244). 
f; Pogg. Annal. 86, 91, and 93. 448. $ Annal. d. Chem. u. Pharm. 9 °> 2 44 * 

§ Zeitschr. f. anal. Cbem. 1, 54. 
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with the gas before commencing. Similar methods and apparatus 
have been described by Weiitiier,* J. P. Cooke, t and Wilbur 
and Whittlesey.* The hydrofluoric acid should be free from 
sulphuric and sulphurous acids. 

c. Sesquioxide of Iron from Alumina. 81 

The metals may be present as chlorides or sulphates. Mix the 
dilute solution if necessary with carbonate of soda to neutralize 
any large excess of free acid, then add hyposulphite of soda till all 
the sesquisalt of iron is reduced to protosalt, now add more hypo- 
sulphite and boil for some time till all odor of sulphurous acid has 
entirely disappeared.. ‘ The alumina is precipitated in accordance 
with the following .reaction: A} 4 0*3S0, + 3(Na0,S J 0 J ) + 3110 = 
•W. 0,,3110 + 3(KaQ,S0i) + 3SO, + S s . Filter, wash the precipitate 
well and ignite. Decompose the excess of hyposulphite of soda in 
the filtrate by heating with hydrochloric acid, filter off th^eparated 
sulphur, and determine the iron (Chancel§). 

4. Method based on the behavior of the Acetates at a boiling heat. 

Sesquioxide of Ie6n and Alumina from Protoxide of 85 
Manganese, Oxid^i dF Zinc and Protoxides of Cobalt, ^xckel, 
and Iron. ' • \ Vl 

The metals* should be^ present in the form of chlorides. The 
solution should he in a flask. If much free acid is present first 
nearly neutralize with carbonate of soda or of ammonia p the solu- 
tion should remain 1 clear, but if there is much sesquichloride of iron 
it should be of a deep; i*ed color.. Add a concentrated solution of 
neutral acetate of Soda <#+df ammonia, not in large excess, and boil 
for a short time-long continued boiling would make the precipitate 
slimy. When the ’ lathp is removed the precipitate should settle 
rapidly, leaving tho supernatant fluid qlear. Wash the precipitate 
immediately by decantation' and filtration with boiling water con- 
taining a little acetate Of soda or ammonia. In very particular 
analyses it would he’ well after washing the precipitate a little ta 
^dissolve it in hydi*ochloric acid and reprecipitate. 

In separating sesquioxide of iron from the protoxide Reichardt|J 
recommends a slight addition of chloride of ammonium or of sodium 
^ prevent oxidation of the protoxide. 

The precipitate of basic acetate of sesquioxide of iron or basic ace- 
tate of alumina is best dissolved in hydrochloric acid, in order to pre- 
cipitate the bases from this solution again by ammonia. This method 
is more suitable, to the separation of sSsqUioxide of iron or of sesqui- 
nxide of iron and alumina from the,;stt^iig bases than to the, separa- 
tion of alumina alone. Tt is a good method, and is very generally 
Used. ' , r ' 

Instead of the alkaline acetates, the corresponding formates may 
be employed with the best' result (§81,/). 


* Journ. f. prakt*Chem. 91, 3 3 9 * 

+ Zeitschrdii.- anal. Chem. 7, 99. * I 0 ' 

v Compt. rend. 46. 987. Compare also Werther, Joiirrt. f. prakt. Chem. 91, 
329 , and Gibbs, Zeitschr. f. anal. Chem. 3, 391. This method has been so frequently 
^commended, that I have thought it necessary to give it I must add, however, 
have not found it perfectly trustworthy. 

'U Zeitschr. f. anal. Chem. 5 > 64. 


t iiVio, 98. 
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5. Method based on the different behavior of the Succinates. 

Sesquioxide of Iron (and Alumina) from Oxide of Zinc, gg 
and Protoxides of Manganese, Nickel, and Cobalt. 

Tho solution should contain no considerable quantity of sul- 
phuric acid. If acid, as is usually the case, add ammonia till the 
color is reddish-brown, then acetate of soda, or of ammonia (II. 
Rose) till the color is deep red, finally precipitate with neutral 
alkaline succinate at a gentle heat, and when cool filter tho suc- 
cinate of sesquioxide of iron from the solution which contains tho 
rest of the metals. Wash the precipitate first with cold water, then 
with warm ammonia,, which removes the greater part of the acid, 
leaving it darker in color. Dry and ignite, moisten with a little 
nitric acid, and ignite again. With proper care tho separation is 
complete, and especially to be recommended when a relatively large 
quantity of iron is present. The method may also bo used in the 
presence ofiialumina. The latter falls down completely with the 
iron (E. Mitscherlich, Pagels*). 

6 . Methods based upon the different deportment of the several 

Sulphides with Acids , or of the Acetic Acid Solutions with 
Sulphuretted Hydrogen. 

a . Oxide of Zinc from Alumina and Protoxide of Man- 
ganese. 

The solution of the acetates, which must be free from inorganic 87 
acids, and must contain a sufficient excess of acetic acid, is pre- 
cipitated with sulphuretted hydrogen, which throws down the zinc 
only (§ 108, b). The oxides are usually most readily obtained in 
acetic acid solution, by converting them into sulphates, and adding 
a sufficient quantity of acetate of baryta. Sulphuretted hydrogen is 
then conducted, without application of heat, into the unfiltered Huid, 
to which, if necessary, some more acetic acid has been added. The 
precipitate, which consists of a mixture of sulphide of zinc and sul- 
phate of baryta, is washed with water containing sulphuretted hy- 
drogen. It is then heated with dilute hydrochloric acid, the solution 
filtered, and the zinc in the filtrate determined as directed § 108, a. 
The other oxides are determined in the fluid filtered from the 
sulphide of zinc, after removal of, the baryta by precipitation. 
BRUNNERf has proposed a modification of this process, especially 
for the separation of ziiic from nickel. \ 

b. Oxide of Zinc from Protoxides cf Nickel, Cobalt, and 88 

Manganese. \ 

To the hydrochloric solution add carbonate of ^oda till a 
permanent precipitate just forms, and then la drop or two of hydro- 
chloric acid to redissolve the precipitate. Now pass sulphuretted 
hydrogen till the precipitate of sulphide of iinc ceases to increase. 
Add a few drops of a very dilute solution of acetate of soda, and 
continue passing the gas for some time. Wtyen all the zinc is pre- 
cipitated, allow to stand for 1 2 hours, filter, wash with sulphuretted 
hydrogen water, and estimate the nickel arid cobalt in the filtrate 
(Smith and BrunnerI*). A good method; compare Klaye and 

* Jahresber. v. Kopp u. Wil*.. 1858, 617. 
t Dinglcr’s polyt. Jcurn. 150, 369 ; Claem. Centralbl, 1859, 2 6. 
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Deus.* The method is also adapted for separating zinc from 

manganese. 

c. Protoxides op Cobalt and Nickel from Protoxide of 89 
Manganese and tiie Oxides of Iron. 

The solution, which must be free from nitric acid, is, after neu- 
tralization of any free acid which may be present by ammonia, 
precipitated with sulphide of ammonium, highly dilute hydrochloric 
acid then added, and sulphuretted hydrogen gas conducted into the 
fluid to saturation, with frequent stirring. This serves to dissolve 
the sulphide of manganese and the sulphide of iron, whilst the 
sulphide of cobalt and the sulphide of nickel, though the latter less 
completely, remain undissolved. The filtrate is reprocipitated by 
addition of ammonia and sulphide of ammonium, and the above 
treatment is repeated. The results are accurate. It is important, 
however, to test the weighed cobalt and nickel compounds, for 
manganese and iron. 

d. Protoxides of Cobalt and Nickel from Protoxide of 
Manganese. 

To the acid solution add carbonate of soda in excess, then acetic 90 
acid in good excess, then to the clear fluid, containing say i grin, of 
nickel or cobalt, 30 to 50 c.c. of acetate of soda solution (1 in 10), 
and pass sulphuretted hydrogen to saturation, keeping at 70°. Filter 
oir tho precipitated sulphide of nickel or cobalt, wash and dry it. 
Concentrate the filtrate by evaporation, add sulphide of hydibgen and 
ammonium, and then excess of acetic acid, thus obtaining a second 
slight precipitation of nickel or cobalt. Test the filtrate again in the 
same manner. In the mixed precipitates estimate nickel or cobalt 
according to § no, 1, 6, a, or § hi, 1, c; in the filtrate the man- 
ganeso according to § 109, 2 

7. Methods based upon the different deportment of the several 
Oxides with Hydrogen Gas at a red heat . 

a. Sesquioxide of Iron from Alumina and Sesquioxide of 
Chromium. 

Pivot’s Method.t — Precipitate with ammonia, heat, filter, ignite 91 
and weigh. Triturate, and weigh off a portion in a porcelain boat. 
Insert the latter into a porcelain tube, supported in a horizontal 
position, through which a stream of hydrogen (dried with sulphuric 
acid and chloride of calcium) is passing. In the open end of the 
porcelain tube is inserted a perforated cork, with a narrow open glass 
tube. When the air is expelled from the apparatus, heat the porce- 
ain tube gradually to redness, and maintain it at that temperature 
as long as water forms (about 1 hour). Allow the tube now to cool, 
s hll maintaining the current of hydrogen, then remove the boat, and 
weigh it. The loss of weight indicates the quantity of oxygen 
"dnch was combined with the iron to sesquioxide. 

If you wish to determine the oxides separately, which may be 

ee med more particularly necessary if the substance contains little 
^squioxide of iron, treat the mixture of alumina, sesquioxide of 
e romium, and metallic iron, with highly dilute nitric acid (1 part 

* Zeitschr. f. anal. Chem. 10, 200. 

• Antial. de Ckim. et de Phys. 30, 188 ; Journ. f. prakt. Chem. 5 b 33 °» 
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of acid to 30 or 40 parts of water), or with water to which very 
little nitric acid is added from time to time. The iron is dissolved, 
the alumina and sesquioxide of chromium remain -undissolvcd. The 
latter oxides are weighed ; the iron is precipitated by ammonia, 
after ebullition, of the fluid. The results of Kivot’s experimental 
analyses were highly satisfactory. The method is more particularly 
suitable in cases were the quantity of alumina, Ac., is large and that 
of iron small. •. v 1 , 

b. Sesquioxide of Iron from Alumina. 

Deville transmits .through the' tube, after the reduction by 92 
hydrogen has been effected as in a, first hydrochloric gas, and then 
again hydrogen. This leaves the alumina in a state of purity ; the 
iron volatilizes as protochloride, and . is either determined by the 
loss or in the direct way. If the latter mode is adopted, the pvoto- 
chlotide in.the tubes and in the tubulated receiver is dissolved by 
heating diltite hydrochloric acid to boiling, and conducting the 
vapor 'into the porcelain tube; the tubulure of the receiver is 
directed downwards in this operation, The operation is much faci- 
litated by the use of a platinum tube (Cooke*). 

8 . Methods based upon the different capacity of the severed 
Oxides to be converted by Oxidizing Agents into higher 
Oxides, or by Chlorine into higher Chlorides. 

a. Sesqikoxide of Chromium from all th® Oxides of the 
Fourth Group, and from Alumina. ■ 

a. Fuse the oxides with nitrate of potassa and.carbonate of soda 93 
(comp. 59), boil the mass with water, add a small quantity of spirit 
of wine, and heat gently for several hours. Filter and determine in the 
filtrate the chromium as directed § 130, and in the residue the bases 
of the fourth group. The following is the theory;- of this process : 
tho oxides of zinc, cobalt, nickel, iron, and partjy .that of manganese, 
separate upon the fusion, whilst, on the other *j6and, manganate 
(perhaps also some ^ ferrate) and. chromate of potassa arc formed. 
Upon boiling with water, part of the, manganic acid of the man- 
ganate of potassa is converted into permanganic acid at the expense 
of the oxygen of another part, which is reduced to the state of 
binoxide ; the latter separates, whilst the potassa salts are dissolved. 
The addition;* of alcqjibl, with the y ap plication of a gentle heat, 
effects the .decomposition of the manganate and permanganate of 
potassa, bihoxide of manganese being separated. Upon tillering 
the mixtuwy*Uiave therefore the whole of the chromium in 
the filtrat&^MBadine chromate* and all the oxides o£ the fourth 
group oh present, will be found partly in 

the residdjjj^Bfl^ ha .^|^^^aiuminate in the filtrate ; proceed 

If yojjEmt^^i^th! 4 he' native compound of sesquioxide of 
chrorniidfl^mftph^mpi' pi; iron (chromic iron) the above method 
does ' of analysing this substance will be 
given iii th^Special Part. . 

3 . ’Nea$jp neutralize the solution, add acetate of soda, heat and 9v 
convert the sesquioxide of chromium into chromic acid by passing 

y * Zeitechr. f. anaL Cliem. 6, 226. 
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chlorine, compare 61- If sesquioxide of iron and alumina are pre- 
sent, they will separate during boiling by the action of the acetate 
of soda, while the chromic acid and any oxide of zinc will remain 
in solution. If manganese, nickel and cobalt are present, the method 
loses its simplicity; the manganese is precipitated as hydrated 
peroxide with a portion of the cobalt, almost the Whole of the 
nickel and some zinc, while the chromic acid remains in solution 
with the principal amount 1 of the zinc and the rest of the cobalt and 
nickel (W. G*bbs). ^ . 

b. Protoxide op Cobalt From Protoxide op Nickel. 

a. After II. Rose.* Dilute the hydrochloric acid solution, in a 95 
capacious flask, with water (i litre to 2 grm. of oxides) conduct 
chlorine gas into the flasjc until the fluid is saturated, and the vacant 
space in the flask completely filled with.the gas ; add excess of car- 
bonate of lime or baryta shaken up with water, let the mixture 
stand 5 or 6 hours in the cold, taking care to shake repeatedly ; then 
filter the fluid which contains the, whole of the nickel, from the 
precipitated sesquioxide of cobalt. Henry has substituted bromine 
for chlorine with success. Denham Smith recommends addition of 
dilute solution of chloride of lime which has been completely de- 
composed with sulphuric acid, so as to leave no hypochlorite in it. 

Fit. GauiieI* has found the method unsafe, as a short action of 
the alkaline earthy carbonates scarcely precipitates the cobalt, white 
a long action throws- downs nickel with it. The method i^ay there- 
fore be of service under special conditions and when applied with 
experience, but is unsuitable for accurate analysis. 

0. The method of. $1 bbs, elaborated by H. Rose}:, which consists 
in boiling the sulpjmiicftcid solution with binoxide of lead, yields 
also only approximate results, compare Gauhe ( loc . cit.) 


9. Method biased upon the different deportment of the Nitrites. 

Protoxide op Cobalt from Protoxide of Nickel, also from 

pROTOXTDE OF MANGANESE AND OXIDE OF ZlNC. 

The separation 1 bf cobalt as nitrite of sesquioxide of cobalt and 96 
potassa, was recommended first by Fischer, § afterwards by A. 
8tro:meyer,|| Genth and GiBBS f f H. Rose,** Fr. GAUHEft 
nncl myself (compare last edition pf this work). The results are 
quite satisfactory both in presence of -much cobalt and little nickel, 
nnd in the presence of little cobalt and much ‘ nickel ; but the pro- 
cess is peculiarly good for the latter case. However, it is absolutely 
necessary that baryta, lime, and strohtia should be absent, as 
iu their presence nickel is thrown; down as triple nitrite of 
protoxide of • nickel, potassa, ^ Alkaline earth (KiInzel, 

P* L. Erdmann};}:). The best waiv’d! proceeding is as fol- 
lows The solution of the oxides (fiord which any iron must 
first be separated) is evaporated to ir 'kiflall bulk, and then, if 
much free acid is present, neutralized with potassa. Thein add a. 
concentrated solution of nitrite of potassa (previously meutralized 

* Pogg. Annal. 71,' 545, and Handb. dcr anal. Chem. 6 Aufl. II. 143. 
t Zeitscbr. f. anal. Chem. 5» 84. 

$ Pogg. 4 n oal. 101, 4*3* § 477* 

II Annal. d. Chem. u. Pharm. 96, 218. ^ I0 4 » 3 ° 9 * 

** Pogg. Annal. 110, 4 1 2. ft Zeitscbr. f. anal. Chem. 5, 74. 

tt Zeitscbr. f. anal. Chem. 3, 161 ; Journ. f. prakt. Chem. 97, 387. 
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with acetic acid and filtered from any flocks of silica and alumina 
that may have separated) in sufficient quantity, and finally acetic 
acid, till any flocculent precipitate that may have formed from excess 
of potassa, has redissolved and the fluid is decidedly acid. Allow it 
to stand at least for 24 hours in a warm place, take out a portion of 
the supernatant fluid with a pipette, mix it with more nitrite of 
potassa, and observe whether a further precipitation takes place in 
this after long standing. If no precipitate is formed the whole of 
the cobalt has fallen down, otherwise the small portion must be re- 
turned to the principal solution, some more nitrite of potassa added, 
and after long standing the same test applied. Thus, and thus 
alone, can the analyst be sure of the complete precipitation of tho 
cobalt. Finally filter and treat the precipitate according to § 1 1 1, 1, d. 
Boil the filtrate with excess of hydrochloric acid, precipitate with 
potash, redissolve the precipitate in hydrochloric acid, throw down 
the nickel according to p. 209, y, as sulphide, and then convert into 
protoxide or metal. In this manner alone can the nickel be obtained 
pure, as the original filtrate contains so much alkaline salt and also 
generally alumina and silica. 

10. Methods based upon the different deportment with Cyanide 
of Potassium. 

a . Alumina from Oxide of Zinc, Protoxide of Cobalt, and 
Protoxide or Nickel. 

Mix the solution with carbonate of soda, add cyanide of potas- 97 
fiium in sufficient quantity, and digest in the cold, until the preci- 
pitated carbonates of zinc, cobalt and nickel are redissolved. Filter 
off the undissolved alumina, wash, and remove the alkali which it 
contains, by resolution in hydrochloric acid and reprecipitation by 
ammonia (Fresenius and Haidlen*). 

b. Protoxide of Cobalt from Protoxide of Nickel. 

Liebig’s method, t which depends upon the conversion of the 98 

cobalt into cobalticyanide of potassium, and of the nickel into double 
cyanide of nickel and potassium, lias been carefully studied in my 
laboratory by Fr. Gauhe.^ It has been thus found that boiling 
the solution containing cyanide of potassium and hydrocyanic acid 
{Liebig’s first method) does not completely convert the double 
cyanide of cobalt and potassium first formed into cobalticyanide of 
potassium, but that passing chlorine (Liebig’s second method) 
•effects a ready and thorough conversion. The method then gives a 
very excello|jLg>pamtion, and is more particularly to be recom- 
mended wJ^^Hp quantity of nickel is small in proportion to the 
cobalt. j^HBceed as follows, taking a hydrochloric solution of 
the met^JHWKmove the greater part of the free acid by evapora- 
tion or npa||Jpe it by potash, add pure cyanide of potassium till 
the prerijIiK first formed has redissolved, then add more cyanide, 
dilute,, Jjdil |pr some time or not, as you like, pass chlorine through 
the cdfed fluid, adding potash or soda occasionally, so that the fluid may 
remain strongly alkaline to the end. Bromine may be used instead of 
chlorine, and indeed is far more convenient. In the course of an hour 

* Anna], d. Chem. u . Pharm. 43, 129. + lb . 65, 244, and 87, 12S. 

t Zeitaclir. f. anal. Chem. 5, 75. 



BASES OE GROUP IV. 


415 


§ ICO.] 

, whole of the nickel will have precipitated as black hydrate of 
the sesquioxide. Having taken out a portion and satisfied yourself 
of this by addition of a further quantity of chlorine or bromine, 
filter and wash with boiling water. The precipitate always retains 
alkali and must be redissolved in hydrochloric acid, and estimated 
'according to § no, i, a, or 2. _ 

As regards the cobalt it is most convenient to estimate it by 
difference. But if you wish to make a direct estimation it will bo 
advisable, in consequence of the large quantity of salts present in 
solution, first to evaporate to dryness with excess of hydrochloric 
acid to* take up the residue with a little water, and to heat in a 
l lir «re platinum dish, with the addition of excess of pure concen- 
trated sulphuric acid till the greater part of the sulphuric acid has 
escaped. The red mass, consisting principally of alkaline bisulphate, 
is then treated with water, and the cobalt estimated according to 
§ III, 1, c. 

Another method of separating nickel and cobalt by cyanide of 
potassium has been described by Fleck •* but it does not have 
the appearance of being an improvement upon the foregoing. It 
depends up m the fact that although monosulphide of cobalt, like 
sulphide of nickel, dissolves readily in cyanide of potassium, the 
same is not the case with the sulphide of cobalt precipitated by 
sulphide of ammonium fqom a solution of cobalt, which has been 
mixed with ammonia in excess, and exposed to the action of the air 
till its color ceases to change. % 


c. Protoxide of Cobalt from Oxide of Zinc. 

Add to the solution of the two oxides, which must contain 99 
some free hydrochloric acid, common cyanide of potassium (pre- 
pared by Liebig’s method), in sufficient quantity to redissolve the 
precipitate of protocyanide of cobalt and cyanide of zinc which forms 
at first ; then add a little more cyanide of potassium, and boil some 
time, adding occasionally one or two drops of hydrochloric acid, but 
not iu sufficient quantity to make the solution acid. After cooling 
add some chlorine or bromine, and digest for some time to complete 
the conversion of the cobalt into cobalticyanide of potassium. Mix 
the solution with hydrochloric acid in an obliquely placed flask, 
and boil until the cobalticyanide of zinc which precipitates at 
first is redissolved, and the hydrocyanic acid completely expelled. 

Add solution of soda or potassa in excess, and boil until the fluid is 
clear ; the solution may now bo assumed to contain all the cobalt as 
cobalticyanide of potassium, and all the zinc as a compound of oxide 
°f zinc and alkali. Precipitate the zinc by sulphuretted hydrogen 
(§ 108). Filter, and determine the cobalt in the filtrate as in 98 * 

Ho process is simple and the separation complete (Fresenius and 
Haidlen)^ 

d. Protoxide of Nickel from Oxide of Zinc. 

Mix the concentrated solution of both oxides with an excess of 100 
concentrated pure solution of potassa ? then with hydrocyanic acid 
lri sufficient quantity to redissolve the precipitate completely ; add 
solution of monosulphide of potassium , allow the precipitated sul- 


• Journ. f. prakt. Chem. 97, 3°3 J Zeitschr. f, anaL Chem. 5, 399. 
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phide of zinc to deposit at a gentle heat, filter, wash the sulphide 
of zinc with dilute sulphide of potassium, treat the precipitate 
with hydrochloric acid, and precipitate the zinc from the solution 
with carbonate of soda according to § 108, i, a . Determine the 
nickel in the filtrate by heating with fuming hydrochloric acid and 
nitric acid (or chlorate of potash), evaporating and precipitating 
with potash (Wohler*), 

Klaye and DEUS,t who* examined thia method in my labora- 
tory, found that pure and freshly dissolved cyanide of potassium 
might be used instead of potash and hydrocyanic acid. The pre- 
sence of carbonate or formate of ammonia or eymiate of potash in 
the cyanide of potassium would , interfere considerably with the 
complete precipitation of the zinc as sulphide. The sulphide of zinc 
may also be finally washed with water containing sulphuretted 
hydrogen, ; and determined according to § io8, 2. / 

e. OoUALT AST) NlCKEL FROM MANGANESfJ AND ZlNC (W. 
OlBBSj). 

To the solution of the chlorides add acetate of soda and pass 101 
hydrocyanic acid gas. Cyanide of zinc is immediately thrown down 
as a white powder more or less completely. Now add sulphide of 
sodium, winch will convert the zinc and manganese into sulphides, 
whilst the cobalt and nickel will remain in solution as double cya- 
nides, and may be separated according to 98* The use of gaseous 
hydrocyanic arid is a great drawback to this method. 

11. Methods based upon Hie Volatility of Zinc, 

a . Protoxides of Cobalt and*Nickel from Oxide of Zinc. 

Berzelius§ recommends the following method for the abso-102 
lute separation of cobalt and nickel from zinc Precipitate with 
solution of potassa, in excess, boil, and filter the fluid, which con- 
tains the greater portion of the zinc dissolved in the caustic 
potassa, from the precipitated hydrated protoxides of nickel and 
cobalt, which also contain some of the zinc; wash the precipitate 
thoroughly with boiling water, and determine the zinc in the filtrate" 
as directed §108. Dry the precipitate, ignite, and weigh ; then 
mix in a porcelain crucible with pure sugar (recrystallized from 
alcohol), and heat slowly until the sugar is completely carbonized. 
Place the crucible, witl^ the lid on, in a bath of magnesia in a 
larger-sized covered clay crucible, and expose for the space of 
1 hour to the very highest degree of heat attainable by a wind fur- 
nace. This nroce^Loauses the reduction of the metals : the whole 
of the zinc pre^&rises in vapor, tke nickel and cobalt, mixed 
with charcoal, Treat tfce residue with nitric acid, and 

determine thdHBs by palpitating with potassa, and weighing 
the precipita®P®w, dilB^PwiCe > between this weight and *that 
obtained quantity of the coprecipitated oxide 

Klayjs who tested this method in my laboratory, 

obtained good result. The sugar causes much intu- 

' * Annal. d. Chera. u. Pharm. 89, 376. 

! T Zeitschr. f. anal. Chem. 10, 197. £, Ih. 3, 332 

, .•§ 'His Jajbrcsbericht, 21, 144. (1 Zeitsohr. f. anal. Chem. 10, 192. 
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ce and they recommend the use of charcoal obtained from 
^ i ns tead. • An attempt was made to employ the gas blow- 
pipe instead of the furnace, but this was a failure. 
b . Zinc from Iron, In Alloys. 

Bobierre states that these alloys may be readily and accu- 103 
rately analysed by igniting them in a stream of hydrogen. 

12. Methods based yponthe Volumetric Determination of one of 
the Oxides, amdihs^nding of the other from the difference. 

а . Sesquioxide of Iron fEom Alumina. 

Precipitate both with ammonia (§ 105, a , and § 113, 1). 104 

Dissolve the weighed iApue, or an aliquot part of it, by digestion 
with concentrated .hydr^hloric acid, or by fusion with bisulphate 
of potassa and treatment with water containing sulphuric acid; 
and determine the iron volumetrically as directed §113, 3, a, or b. 

The alumina is foupd from the difference. This is an excellent 
method, and to be recommended more particularly in cases where 
the relative amount of iron is small. If you have enough sub- 
stance it is of course much more, convenient to divide the solution, 
by weighing or measuring, into 2 portions, and determine in the 
ono the sesquioxide of iron + alumina, in the other the iron. 
Instead of , titrating the iron, you may also precipitate it, after 
addition of tartaric acid and ammonia, with sulphide of ammo- 
nium (77). 

б . Sesquioxide of Iron f^om* Protoxide of Iron (Oxide of 
Zinc, Protoxide of Nickel). 

a. Determine in apportion of the substance the total amount of 105 
the iron as sesquioxide, or by the volumetric way. Dissolve another 
portion by warming with sulphuric acid in a flask through which 
carbonic acid is conducted, to exclude the air ; dilute the solution, 
and determine the protoxide of. iron volumetrically (§ 112, 2, a). 

The difference gives the quantity of the sesquioxide. Or, dissolve 
the compound in lijte manner in hydrochloric acid, and determine 
the sesquichloride of iron with protochloride of tin according to 
§113, 3, b. In this case the difference gives the protoxide of iron. 

If it is desired to determine the protochloride of iron in the hydro- 
chloric solution directly, it will be well to use Penny’s method 
(p. 220). These convenient and simple methods will in time 
probably replace the older and more complicated methods of de- 
termining protoxide of iron in presence of sesquioxide, If the 
compound in which sesqui- and protoxide of iron are to be estimated 
is decomposed by acids with 'difficulty, heat it with a mixture of 4 
parts sulphuric acid and 1 part water (or with hydrochloric acid) 
a sealed tube at 210° (Mitsciierlich, /compare p. 354 )* t Or, “ 

Jhis is not enough, fuse it with borax (1 part mineral, 5-— 6 vitrified 
borax) in a small retort, connected with a "flash: containing nitrogen, 
(produced by combustion of phosphorus in air) ; an atmosphere of 
bonic acid is less suitable. Triturate the teed mass with the 
and dissolve in boiling hydrochloric acid in an atmosphere 
2 car bonic acid (Hermann y. Kobell). Or you may dissolve 
he substance in a mixture of hydrofluoric and hydrochloric acids 
05 directed 83 — and this will generally be the best way. 
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Iron may also be determined volumetrically in presence of oxide 106 
of zinc, protoxide of nickel, &c. It is, indeed, often the better way, 
instead of effecting the actual separation of the oxides, to determine 
in one portion of the solution the sesquioxide of iron + oxide of 
zinc or + protoxide of nickel, in another portion the iron alone, and 
to find the quantity of the other metal by the difference. However, 
this can be done only in cases where the quantity of iron is 
relatively small. 

/3. Sesquioxide of Irqn from Protoxide of Iron, 107 
Bunsen’s method. Fill the little Mask d , fig. 85 (p. 292), two-thirds 
with fuming hydrochloric acid, and replace the air above with 
carbonic acid, by throwing some grains of carbonate of soda into 
the flask. Weigh a portion of the substance in an open short tube, 
and in another similar tube a slight excess of bichromate of potassa ; 
drop the. two tubes into the flask, attach the evolution tube, and 
proceed for the rest as directed § 130, e, 0 . Of course you will 
obtain less free iodine than if no protoxide of iron had been dis- 
solved with the chromate of potassa, as a portion of the liberated 
chlorine goes to convert the protochloride of iron into sesquichloride. 
The difference between the iodine corresponding to the bichromate 
used and that actually obtained represents the protoxide of non 
present (1 eq. iodine = 2 eq. protoxide of iron). 

If you wi$li to ascertain the total 
quantity of iron present, dissolve 
another portion of the substance in 
hydrochloric acid in the little flask, 
and reduce the sesquioxide of iron 
to protoxide, by means of a ball of 
chemically pure zinc, cast on a fine 
platinum wire. To exclude all access 
of air, connect the flask, during the 
ebullition, with the apparatus b V 
(fig. 105). 

As soon as the colorless condition 
of the fluid shows that the reduction 
is completed, cool the flask in cold 
water, lift the upper cork, throw a 
few grains of carbonate of soda into 
the acid, draw the.zinc ball up the 
tube b y wash off thaXfcid adhering to 
the ball into the flask, and remove 
b b'. Add quiqkly a weighed slight 
excess of bichromate of potassa, and 
procee^HRhe rest as just directed. 

c. ?ro^)Xidb ; of Manganese from Alumina and Sesqui- 
OXIDH 0F XRON (KrIEGER*). g , -.nj 

rrecipitatcf with carbonate of §o£ta, digest the precipitate some a 
time with the fluid, wash property;* first by decantation, then 011 
the filter, dry, ignite, and determine in a sample the manganese 
according to 72 * Bear in mind that the precipitate contains 
manganese as Mn 8 0 4 , and also that in precise analyses the sma 

? * Anna!, d. Chem. u. Phann. 87, 261. 
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-quantity of manganese in the filtrate must not bo disregarded 
% 109, 1, a )- Carbonate of ammonia may be used instead of 
carbonate of soda ( 65 ) and deserves the preference. 

d . Protoxide of Manganese from Oxide of Zinc 


smficient quantity of zinc, the precipitate consists of Z11O + xMn/) a . 

VeMi off a portion and determine the manganese as in 72 . " If 
the quantity of zinc is insufficient, proceed as directed 72 , NJi. 
Regarding the minute quantity of manganese which passes into 
the filtrate, see § 109, 1, a. 

e. Protoxide of Cobalt from Protoxide of Nickel. 

Estimate both metals according to § no, 1, a and 2, and § hi, HO 
1, b, dissolve the reduced metals in aqua regia, evaporate repeatedly 
with hydrochloric acid to dryness, till the nitric acid is expelled, 
determine the cobalt according to § in, 3, and find the nickel by 
difference. The method cannot be employed in presence of large 
quantities of nickel and only gives tolerably good results. 

13. Indirect Method . 

Sesquioxide of Iron from Protoxide. 

Of the many indirect methods proposed, which are now, how- HI 
ever, but rarely resorted to since the introduction of the volumetric 
methods, I will only give the following : — Dissolve in hydrochloric 
acid in a current of carbonic acid, add solution of sodio-terchloride 
of gold in excess, close the flask, and allow the reduced gold to 
deposit ; filter the fluid from the gold, and determine the latter as 
directed § 123. Determine the total quantity of the iron in the 
filtrate, or in another portion of the substance. The calculation is 
self-evident : 1 eq. gold separated corresponds to 6 eq. protochloride 
or protoxide of iron, since 6FeCl + AuCl a = 3Fe 2 Cl # -f Au (H. 
Hose). 

TV. Separation of Sesquioxide of Iron, Alumina, Prot- 
oxide of Manganese, Lime, Magnesia, Potassa, and 
Soda. 


(Krieger). 

v precipitate boiling with carbonate of soda, wash the precipitate 
w :fL boiling water, dry, and ignite. If the substance contained a 


§ 161. 

, t As these oxides%r6 found together in the analysis of most 
■silicates, and also in many other cases, 1 devote a distinct para- 
graph to the description of the methods which are employed to effect 
^eir separation! 

1. Method based upon the employment of Carbonate of Baryta 
(particularly applicable in cases where the mixture con- 

tains only a small proportion of lime). . ; 1ft 

. The solution should contain no free chlorine, and the iron should H2 
e all in the form of sesquioxide. Precipitate the iron and alumina 
carbonate of baryta* (54 and 76 ), dissolve the precipitate in 


^1, ,,^ e ^ ore adding the carbonate of baryta, it is absolutely indispensable to ascertain 
fcdier a solution of it in hydrochloric acid is completely precipitated by sulphuric 
* 80 that the filtrate leaves no residue upon evaporation in a platinum disn* 
QUANT, VOL. I. 00 
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hydrochloric acid, throw down the baryta with sulphuric acid 
filter, and estimate the iron and alumina according to one of the 
methods given § 1 66, by preference 104 , at least when the quantity 
of alumina is not too small. J 

To the filtxiite from tie carbonate of baryta precipitate add 
hydrochloric acid, heat, throw down the baryta with sulphuric acid 
added just in excess. Filter off the precipitate, wash till free from 
soluble sulphate, concentrate if necessary, precipitate, and estimate 
the manganese as sulphide (§ 109, 2). To the filtrate add hydro- 
chloric acid, heat,, filter off the sulphur, precipitate the lime with 
oxalate of ammonia, and finally separate th& magnesia from the 
alkalies by one of the* methods given § 153. 

2. Method ) based upon the application of Alkaline Acetates or 
Formates. 


Remove by evaporation any very considerable excess of acid H3 
which may he present, dilute, add carbonate of soda,* until the 
lluid is nearly neutral (no permanent precipitate must be formed), 
then acetate or formate of soda, and proceed according to 85 * 
Wash the precipitate well, dissolve in hydrochloric acid, precipitate 
the solution with ammonia (45), dry, ignite, and weigh. Dissolve 
in concentrated hydrochloric acid, and determine the iron volu- 
metrically.by means of protochloricle of tin, &c., according to§ 113, 

3, h , or digest it with 16 times its weight of* a mixture of 8 parts 
sulphuric acid and 3 parts water, or fuse it for a long time with 
bisulphate of potassa, dissolve in water, and determine the iron as 
in § ll 3 , 3» The difference gives the quantity of the alumina. 

If any silicic acid remains behind on dissolving the precipitate, it 
is to: be collected on a filter, ignited, weighed, and deducted from 
the alumina. The filtrate contains the manganese, the alkaline earths, 
and the alkalies. Precipitate the manganese with sulphide of am- 
monium (§ 109, 2), boil with hydrochloric acid and filter off the sul- 
phur, precipitate the lime, after addition of ammonia, with oxalate of 
ammonia, and lastly, after removing the ammonia salts by ignition, 
precipitate the magnesia from the hydrochloric acid solution of the 
residue with double phosphate of soda and ammpnia. However, if it 
is intended to estimate the alkalies, the magnesia must be separated 
by one of the processes in § 153, 4, This method is convenient, 
and gives good results, especially in the presence of much iron and 
little alumina. * Since alumina is 'not precipitated by alkaline 
acetates or formates with the same certainty as iron, it is necessary 
to test the weighed sulphide of manganese for alumina. 

■ ed upon the application of Sulphide of A^nmontum. 

a a fiask with 'chloride of ammonium, then with 114 
precipitate just begins to form, then with yellow 
fill the flask nearly up to the top with 
OW to settle in a warm place, filter, and wash 
onsiSting of sulphides of iron and manganese 

mina — without interruption with water contain- 
ing sulphide of ammonium. Separate the lime, magnesia, and 

' * cases where it is intended to estimate the alkalies in the filtrate, ammonia 
•alts must be used instead of the soda salts. 
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alkalies in tli© filtrate as in 113. Dissolve the precipitate in 
hydrochloric acid, and separate the alumina from the iron and 
manganese according to 77 or 78? and then the' iron from the 
manganese, say by 82- or 85- 

The following methods are particularly suitable in cases where 
no manganese is present, or only inappreciable traces : — 

4. Methods based upon the application of Ammonia. 

а. The solution mtlst contain all the iron in* the state of sesqui- H5 
oxide. Add a relatively large quantity of chloride of ammonium, 
and— observing the- precautions indicated in 45- precipitate with 
ammonia. The precipitate contains the whole of the iron and 
alumina j at most an inappreciable amount of the latter remains in 
solution if the free ammonia has been almost but not entirely 
driven off by heat, if the solution was diluted sufficiently, and 

if enough chloride of ammonium was present. It may also contain 
small quantities of lime and magnesia and a little protosesquioxide 
of manganese. It is well, therefore, usually to redissolve the 
washed precipitate in hydrochloric acid, and reprecipitate with 
ammonia. In this way the precipitate will be got free from alkaline 
earths and manganese. Wash the precipitate completely, dry, 
ignite, and treat according to 113, If silicic acid remains un- 
dissolved, it is to be determined and deducted. The solution filtered 
from the alumina and sesqpioxide of iron is concentrated by evapo- 
ration, the manganese is precipitated and determined according to 
§ 109, 2, as sulphide, the alkaline earths and alkalies in the filtrate 
are estimated according to H3. The weighed sulphide of man- 
ganese is digested with dilute hydrochloric acid, any residue that 
may remain fused with bisulphate of potassa, dissolved in water, 
and tested for alumina. 

б. Precipitate the alumina, sesquioxide of iron, and lime, by 116 
addition of ammonia and ^rbonate and oxalate of ammonia all to- 
gether, decant, and filter. Dissolve the precipitate in hydrochloric 
ucid, add tartaric acid, to prevent the precipitation of sesquioxide 

°f iron and alumina, and then precipitate the lime with ammonia 
as oxalate. Filter, and separate the iron from the alumina in the 
filtrate as in 77 J and the magnesia and alkalies in the first filtrate 
a j\ ln 18* Should the first filtrate contain sulphuric acid, remove 
Jms by chloride of barium, then separate the alkaline earths from 
the alkalies by evaporation with exilic acid, ignition, and treat- 
jneiit of the residue with boiling water, and finally the baryta from 
t J le Magnesia as in 29 (E. Mitscherlicii ; Lewinstein*). As 
a jumina in presence of oxalate of ammonia is only precipitated gradu- 
? 011 warming (Pisani), it is necessary to digest some time in the 
e at before the first filtration, and as a portion of the magnesia is 
a Wa ys present in the precipitate, I would recommend, after 
separating the iron from the alumina, to test the fluid filtered from 
le letter, and also the alumina itself for magnesia. The method 
a *mot be applied in the presence of weighable quantities of 
ma ^ganese. 

till fk ^ rec ipitate with ammonia, digest for some time in the heat, 117 

the excess of ammonia is in a great measure removed, filter, 

• Journ. f. prakt. Chem. 68, 99. 
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wash carefully, dry and ignite ; add, without reducing the residue 
to powder, at least io times the quantity of anhydrous carbonate 
of soda, cover the crucible, and heat the mixture over the blast 
gas-lamp, or some other appropriate source of heat (the heat of a 
spirit lamp with double draught is not sufficiently powerful), until 
decomposition of the carbonate of soda is no longer observable, for 
at least 45 minutes. Boil the fused mass, best in a silver dish, 
after addition of some caustic potassa, with water until thoroughly 
extracted ; add, if manganate of soda imparts a green tint to the 
solution, a few drops of alcohol, and wash the precipitato by 
decantation and filtration, first with water containing potassa, then 
with pure water. Dissolve the precipitate in hydrochloric acid, 
heat with a few drops of alcohol, to facilitate the reduction of the 
sesquiehloride of manganese, and separate finally, by means of 
acetate of ammonia, the sesquioxide of iron from the portions of 
manganese, lime and magnesia contained in the ammonia precipi- 
tate, which may then be estimated either separately or jointly with 
the principal quantities according to H 3 . The alumina is deter- 
mined in the alkaline solution as in 78 (B* Biciiter*), 

5. Method based upon the Decomposition of the Nitrates 
(Deville’s method). 

This method presupposes that the bases are combined with nitric 118 
acid only. • 

Proceed fiest as in 46 - The escape of the nitrous acid fumes, 
observed during the heating of the nitrates, is no proof of the total 
decomposition of the nitrates of iron and alumina* as these vapors 
may owe their formation to the conversion of the nitrate of prot- 
oxide of manganese into binoxide. Stop the application of heat 
when 110 more vapors are evolved, and the substance has acquired 
a uniform black color. After the treatment with nitrate of am- 
monia, the solution contains nitrates of lime, magnesia and the 
alkalies, the residue contains alumina, sesquioxide of iron, binoxide 
of manganese, and— in the presence of much manganese- -small 
quantities of the alkaline earths. (That some manganese is dis- 
solved, under certain circumstances, has been stated already in 71 5 
this trace is found with the magnesia, and finally separated from 
the latter.) 

Deville recommends the following methods to effect the 
further separation of the bases : — 

a. Heat the residue with moderately strong nitric acid, until 
the alumina and sesquioxide of iron are dissolved, leaving the 
residuary binoxide of manganese of a pure black color. Ignite the 
residue, and weigh the protosesquioxide of manganese formed. 
Evaporate the solution in a platinum crucible, ignite, and weigh 
the mixture q^feuioxide of iron and alumina, which may possibly 
also conta^^^p protosesquioxide of manganese. Treat a portion 
of it by I^Spnod described in 91 ; this gives the alumina. If 
manganese tffes present, the iron cannot be estimated by difference. 
Devilus therefore evaporates the solution of the protochlorides 
( 92 ) with sulphuric acid, ignites gently, and treats the residue, 
which consists of sesquioxide of iron and some sulphate of prot- 

* Jonm. i prakt, Chem. 64, 378. 
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oxide of manganese, with water to dissolve the latter. (Should 
the heat applied have been too strong, which might possibly lead 
to the decomposition also of sulphate of protoxide of manganese, 
the residue is moistened with a mixture of oxalic and nitric acids, 
some sulphuric acid added, and the process repeated.) 

b. From the filtrate , precipitate first the lime by oxalate of 
ammonia, then separate the magnesia from the alkalies as directed 


^ This method is not to be recommended in the presence of man- 


ganese. 


6. Method which combines 4 and 5. 

Precipitate with ammonia ( 45 ), decant, filter, wash, remove H 9 
the still moist precipitate, as far as practicable, from the filter, 
dissolve the rest in nitric acid, transfer this to the dish, to effect 
also the solution of the bulk of the precipitate ; proceed as in 118 , 
and add the fluid, separated from the sesquioxide of iron and 
alumina, and still containing small quantities of magnesia, and 
possibly traces of lime, to the principal filtrate. This method is 
to bo recommended in the absence of manganese. The determi- 
nation of the alumina is best effected by estimating the total 
amount of sesquioxide of iron and alumina, then the sesquioxide 
of iron volumetrically ( 104 )* If on dissolving the precipitate of 
sesquioxide of iron and alumina any silica remains, thi$ must be 
deducted. 


Supplement to the Fourth Group . 

To §§ 158, 159, 160. 

Separation of Sesquioxide of Uranium from tiie 
other Oxides of Groups I. — IV. 

It has already been stated, in §114, that sesquioxide of uranium 120 
cannot be completely separated from the alkalies by means of am- 
monia, as the precipitated ammonio-sesquioxide of uranium is likely 
to contain also fixed alkalies. The precipitate should therefore bo 
dissolved in hydrochloric acid, the solution evaporated in tho 
platinum crucible, the residue gently ignited in a current of hydro- 
gen gas (see fig. 79, p. 200), the chlorides of the alkali metals 
extracted with water, and the protoxide of tiranium ignited in 
hydrogen, in order to its being weighed as such, or in the air, 
whereby it is converted into protosesquioxide. Instead of dissolv- 
lll b r tlie precipitate in hydrochloric acid and treating the solution 
as directed, ybu may heat the precipitate cautiously* with chloride 
of ammonium, and treat the residue with water (II. Rose). 
Uranium may be completely separated from the alkalies also by 
8l dphide of ammonium as H. Rose found. REMELfit has 
examined this subject with great care and recommends the follow- 
ln g method of precipitation : — The solution being neutral or slightly 
ftdd an excess of yellow sulphide of ammonium and keep 
Rearly boiling for an hour to convert the first formed precipitate of 
0x y s ulphide of uranium entirely into a mixture of protoxide of 

* Strong ignition would occasion the volatilization of chloride of uranium* 
f Zeitsokr. f. aual. Chem. 4, 379. 
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uranium and sulphur. The fluid at first dark from presence of 
dissolved uranium win now appear yellow and transparent. Filter 
oft’ the precipitate containing all the uranium and wash it with 
cold or warm water, first by decantation finally on the filter. It 
is well to mix a little sulphide or chloride of ammonium with the 
water, as when pure water is used the last filtrate is apt to be 
turbid. The dried precipitate is roasted and then converted into 
protosesquioxide by ignition in the air, or into protoxide by ignition 
in hydrogen (§ 1 14). 

Fr. Stolba* recommends to separate- sesquioxide of uranium 121 
from the alkalies by' precipitating the latter in the form of silico- 
fiuorides with addition of alcohol. Treat the substance with aqueous 
hydrofluosilicio acid of 3 to 5 per cent, and warm gently. As soon 
as the yellow powder has disappeared, allow to cool, add 3 to 4 
volumes of spirit of wine of 75 to 80 per cent., mix, and allow to 
settle in a dark place, or at least in a place unexposed to direct 
sunlight, filter, wash with spirit till the washings are completely 
free from acid reaction,' and determine the alkali volumetrically 
according to § 97, 5. Direct sunlight renders the alcoholic solution 
of uranium turbid, causing separation of green protosilicofluoride 
of uranium. To estimate the uranium also, evaporate the alcoholic 
filtrate, heat the residue with excess of sulphuric acid to remove 
the hydrofluosilicio acid, dissolve with the aid of a little nitric 
arid in watei* filter, and estimate the uranium in the filtrate by 
§114. 

-The method can also be used for the analysis of sesquisalts of 
uranium containing alkali and soluble in spirits of wine. Moderate 
quantities of hydrochloric or nitric acid do not interfere, while 
sulphuric acid causes the alkali to be ,too low in consequence of 
the coprecipitation of alkaline sulphate. 

From laryta, sesquioxide of uranium may be separated by 122 
sulphuric acid, from strontia and lime , by sulphuric -acid and alcohol. 
Ammonia fails to effect complete separation of sesquioxide of 
uranium from the alkaline earths, the precipitate always containing 
not inconsiderable quantities of the latter. In such precipitates, 
however, the uranium and the alkaline earth may likewise be 
separated by gentle ignition with chloride of ammonium and treat- 
ment of the residue with water. 

Uranium may be separated from strontia and lime also by pro - 123 
cipitation with sfilphide of ammonium by the method given above 
in the separation from the alkalies. As alkaline earthy carbonates 
may be coprecm^ated, treat the washed precipitate oi protoxide 
of uranium jjaHjilphur in the cold with dilute hydrochloric acid 
which wUJglHHPsolve protoxide of uranium. Sulphide of am- 
monium ^SMranswer for the separation of uranium from baryta 

'may be separated from sesquioxide of uranium not 124 
only hj^Jf^jhide of ammonium in presence of chloride of am- 
monium, hut also by ammonia. Add enough chloride of ammonium 
to thfc solution, heat to boiling, supersaturate with ammonia, con- 
tinue boiling till the odor of ammonia is but slight, filter the hot 

* * Zeitschr. f. anal. Clicm. 3, 71. + lb. 4, 383. 
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fluid, and wash the precipitate, which is free from magnesia with 
hot water containing ammonia (II . Hose). It is always well to 
test the protoxide of uranium obtained by ignition in hydrogen for 
magnesia by treating with dilute hydrochloric acid. & 

Alumina is best separated from sesquioxide of uranium by 
mixing the somewhat acid fluid with carbonato of ammonia in 
excess. The sesquioxide of uranium passes completely into solution, 
while the alumina remains absolutely undissolved. Filter* 
evaporate, add hydrochloric acid to resolution of the precipitate 
produced, heat till all the carbonic acid is expelled, and precipitate 
with ammonia (§ 1 14). 1 

Sesquioxide of uranium is best separated from sesquioxide of 
chromium (W. Gibbs*) by adding to the solution soda in slight 
excess, heating to boiling and adding bromine water, when the 
sesquioxide of chromium is rapidly converted into chromic acid. 
Filter the solution containing chromate of soda from the precipitate 
which has a deep orange red color and consists of a compound of 
soda and sesquioxide of uranium mixed with some chromate of 
sesquioxide of uranium. Wash the precipitate with hot water 
containing a little soda, dissolve it in hot nitric acid, boil the 
solution a few minutes to drive off any nitrous acid and precipitate 
the chromic acid according to § 130, I, a, with protonitrate of 
mercury (according to Gibbs at a boiling heat). The filtrate now 
contains the whole of the uranium, of course in presence of 
mercury. 

The separation of uranium from the metals of the fourth group 125 
may be based simply on the fact that carbonate of ammonia prevents 
the precipitation of uranium but not that of the other metals by 
sulphide of ammonium. Mix the solution with a mixture of car* 
honate of ammonia and sulphide of ammonium, allow to subside in 
a closed flask and wash the precipitate with water containing 
carbonate of ammonia- and sulphide of ammonium. 

Remove the greater part of the excess of carbonato of ammonia 
from the filtrate by a very gentle heat, acidify with hydrochloric 
acid, warm, filter off the separated sulphur and throw down tho 
uranium either by sulphide of ammonium (see above, Separation of 
l raniumfrom the Alkalies) or by boating with nitric acid aiid then 
adding ammonia (H. RosEt, RemeleJ). The method is not so 
suitable in presence of nickel, as a little of thi .4 metal is very liable 
to pass into the filtrate on precipitation with carbonate of ammonia 
and sulphide of ammonium. 

Sesquioxide of iron may be also separated from sesquioxide of 
uranium by means of an excess of carbonate of ammonia. The 
*ouall quantity of iron which passes with the uranium into solution 
'"oil fall down on allowing tho solution to stand for several hours, 
or it may be precipitated with sulphide of ammonium, before tte 

uranium is thrown down (Pisani§). 

Rrom protoxides of nickel, cobalt, and manganese, oxide, of zinc 
a ud magnesia, the sesquioxide of uranium may also be separated by 
carbonate of baryta. The fluid, which should contain a little free 

* Zeitschr. f, anal. Chem. 12, 310. + lb. 1, 412. * 

§ Compfc, rend. 5 2 > I0 6« 


lb . 4, 383* 
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acid, is mixed with the precipitant in excess, and allowed to stand 
in the cold for 24 hours with frequent shaking (76)- 

From cobalt , nickel and zinc uranium may also be separated 126 
(Gibbs and Perkins*) by taking the neutral or slightly acid 
solutions of the chlorides, adding acetate of soda in excess and a 
few drops of acetic acid, and passing a rapid current of hydrosulphuric 
acid for half an hour through the boiling fluid. The uranium remains, 
dissolved while the other metals are precipitated. I should advise 
testing the filtrate with a mixture of carbonate of ammonia and 
sulphide of ammonium to see if any nickel, cobalt or zinc remain in 
solution. 

FIFTH GROUP.’ 

OXIDE OF SILVER — SUBOXIDE OF MERCURY — OXIDE OF MERCURY — 
OXIDE OF LEAD — TEROXIDE OF BISMUTH — OXIDE OF COPPER — 
OXIDE OF CADMIUM. 

I. Separation of the Oxides of the Fifth Group from those 
of the first Four Groups. 

§ 162. 

Index : — The Nos. refer to those in the margin. 

Oxide of silver from the oxides of Groups I. — ^V., 127, 128. 

Oxide and suboxide of mercury from the oxides of Groups I. — IV., 1 27, 129. 
Oxide of dead from the oxides of Groups I.— IV., 127, 130. 

,, protoxide of manganese, 142. 

Teroxide of bismuth from the oxides of Groups I.— IV., 127, 140. 

,, protoxide of manganese, 142. 

Oxide of copper from the oxides of Groups I.— -IV., 127, 131 — 135. 

,, oxide of zinc, 136, 137. 

,, protoxide of manganese, 142. 

Jf sesquioxide of iron, 138. 

,, protoxide of nickel, 139. 

Oxide of cadmium from the oxides of Groups I. — IV., 127. 

,, oxide of zinc, 141. 

,, protoxide of manganese, 142. 

A. General Method. 

All the Oxides of the Fifth Group from those of the first 
Four Groups. 

Principle : Sulphuretted Hydrogen precipitates Jr cm acid Solu- 
tions the Metals of the fifth Group , lilt not those of the first Four 
Groups. 

The following points require especial attention in the execution 127 
of the process : — * 

a. To ^ffect the separation of the oxides of the fifth group from 
those of first three groups, by means of sulphuretted hydrogen, 
it is necessary simply that the reaction of the solution should be 
acid, the Mature of the acid to which the reaction is due being ot 
no consequence. But, to effect the separation of the oxides of the 
fifth group from those of the fourth, the presence of a free mineral 
acid is indispensable ; otherwise, zinc and, under certain circum- 
stances, also cobalt and nickel may be coprecipitated. 

0 . But even the addition of hydrochloric acid to the fluid will 

* Zeitschr. f. anal. Cbem. 3, 334. 
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not always entirely prevent the coprecipitation of the zinc. Kivot 
anti Bouquet* declare a complete separation of copper from zinc 
by means of sulphuretted ' hydrogen, altogether impracticable. 
CALVEBTt states that he has arrived at the same conclusion. On 
the other hand, SpirgatjsJ Concurs with II. Hose in maintaining 
that complete separation of copper from zinc may he e fleeted by 
means of sulphuretted hydrogen, in presence of sufficient quantity 
of free acid. 

In this conflict of opinions, I thought it necessary to subject 
this method once more to a searching investigation. I therefore 
instructed one of the students in my laboratory, Mr. Grundmann, 
to make a series of experiments in the matter, with a view to 
settling the question. § 

The following process is founded on the results which we 
obtained : — 

Add to the copper and zinc solution a large amount of hydro- 
chloric acid (e.fjf., to *4 grm. oxide of copper in 250 c.c. of solution, 
30 c.c. hydrochloric acid of 1 * 1 sp. gr.), conduct into the fluid at about- 
70° sulphuretted hydrogen largely in excess, filter before the excess- 
of sulphuretted hydrogen has had time to escape or become de- 
composed, wash with sulphuretted hydrogen water, dry, roast, 
redissolve in nitrohydrochloric acid, evaporate nearly to dryness, 
add water and hydrochloric acid as abovo, and precipitate again 
with sulphuretted hydrogen. This second precipitate is frae from 
zinc ; it is treated as directed in § 119, 3. 

If cadmium is present, it is well to have less acid present, 
e.g., to *4 grm. oxide of cadmium in 250 c.c. of solution add 10 c.c. 
hydrochloric acid of ri sp. gr. If the quantity of zinc is con- 
siderable, dissolve the first precipitate of sulphide of cadmium in 
hot hydrochloric acid, evaporate nearly to dryness, add 10 c.c. 
hydrochloric acid and about 250 c.c. water, and precipitate again, 
hi this way the results are quite satisfactory. 

y. The other metals of the fifth group comport themselves in 
this respect similarly to cadmium, i.e., they are not completely 
precipitated by sulphuretted hydrogen in presence of too much 
free acid in a concentrated solution. Lead requires the least 
amount of free acid to be retained in solution ; then follow in order 
^ succession, cadmium, mercury, bismuth, copper, silver (M. 
MartinJI). A portion of the filtrate should, if necessary, bo tested 
7 addition of a large quantity of sulphuretted hydrogen to see if 
hie precipitation of the fifth group was complete. 

. . ^ If hydrochloric acid produces no precipitate in the solution, 
1 is preferred ds acidifying agent, otherwise sulphuric or nitric 
? cu be used. In the latter case the fluid must be rather 
jrgely diluted. Euot and Storer^I arrived at the same con- 
fusion as ourselves, and showed that the cause of Calverts 
11 <u curable results 'was the too large dilution of his solutions. 
or to prevent die precipitation of zinc you have not merely to 
pieserve a certain proportion between the zinc and the free acid, 


* Anual. d. Cliem. w. Pharra. 8o, 364, + Journ. f. prakt. Chem. 71, 155. 

r i lb. 57, 184. § lb. 73, 241. II. 6 7 * 37 1 * 

Acad ^ le Impurities of Commercial Zinc, &c. — Memoirs of the American 
eiu y of Arts and Sciences. New Series. Vol. 8. 
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but also a certain decree of dilution. Although I agree with the 
above-named chemists in the opinion that it is possible to produce 
a condition of the fluid under which one precipitation will effect 
■complete separation, still it appears to me better, for practical 
purposes, to precipitate twice, as this is sure to lead to the desired 

•result. # rV r - 

e. A somewhat copious experience in the separation of copper 
from nickel (and cobalt) which so frequently occurs, has led 
me to the opinion that a double precipitation is unnecessary. If 
the solution which is to be treated with sulphuretted hydrogen con- 
tains enough free hydrochloric acid and not too much water, 
the copper falls doyvn absolutely free from nickel, while, on the 
other hand, if the quantity of free acid is not too large, the 
filtrate will be quite free from copper. The method given in 0 
for separating copper from zinc is also to be recommended in this 

case. . 

Cadmium and zinc may, according to Follenius, also bo 
completely separated by a single precipitation, if the metals aie 
present in a sulphuric acid solution containing 25 or 3° P ei> cent, 
of dilute acid of 1-19 sp. gr. Precipitate with sulphuretted 
hydrogen at 70°. Collect the precipitate oil a weighed asbestos 
filter (§ 47, end), dry in a current of heated air, ignite gently in a 
stream of pure sulphuretted hydrogen (to convert small quantities 
of sulphat# of cadmium into sulphide), remove the small quantity 
of separated sulphur by gentle ignition in a current of air, and 
weigh. 


B. Special Methods . 

Jingle Oxides of the Fifth Group from Single or Mixed 
Oxides of the first Four Groups. 

1. Silver is most simply and completely separated from the IjO 
oxides of TnE first four groups by means of hydrochloric 
acid. The hydrochloric acid must not be used too largely m 
•excess, and the fluid, must be sufficiently dilute ; otherwise a portion 
of the silver will remain in solution. Care must be taken also no - 
to omit the addition of nitric acid, which promotes the separation 
of the chloride of silver. The latter should be treated according 


to § 115, 1, a. •. 

2. The separatidh of mercury from the metals of the firs j 
four groups may be effected also by ignition, which will cause 
the volatilization of the mercury or the mercurial compound, leaving 
the non-volatile bodies behind. TEe method is applicable in man) 
•cases to altos.Jh others to oxides, chlorides, or sulphides. It 1( 
mercury is ^^iated only from the loss, the operation is conduct*?* 
in a cruciji# otherwise in a bulb- tube, or a wide glass tube wi 1 
porcelainlplat. In the latter case it is well to use a current 0 
hydrogen (compare § n 8 , 1, a ; also Examination of Mercun 
Ores in the Special Part). . IS 

The precipitation of mercury as subchloride with phospno . 
acid, accordinpH| § 1 18, 2, is also well adapted for its sepaiu 1 ‘ 
from metals ePfne first four groups. If the mercury is all • ; 
present; as .Wboxido, it may be separated and determine^ < 
simple by precipitation with hydrochloric acid (S >' 
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I From those bases wmcn form soluble salts with sul- 130 
rnuRio acid, oxide OF lead may be readily separated by that acid. 

The results are very satisfactory, if the rules given in § 1 16, 3, are 
strictly adhered to. . 

If you have lead in presence of baryta, both in form of sul- 
phates, digest the precipitate witli a solution of ordinary sesqui- 
carbonate of ammonia, without application of heat. This de- 
composes the lead salt, leaving the baryta salt unaltered. Wash, 
first with solution of carbonate of ammonia, then with water, and 
separate finally the carbonate of lead from the sulphate of baryta, 
by acetic acid or dilute nitric acid (H. Rose*). The same object 
may also be attained by suspending the washed insoluble salts in 
water and digesting with a clear concentrated solution of hypo- 
sulphite of soda at 15 — 20° (not higher). The sulphate of baryta 
remains undissolved, the sulphate of lead dissolves. Determine the 
lead in the filtrate (after § 1 16, 2) as sulphide of lead (J. Lowst). 

The method recommended by Rivot, Beudant, and Daguin^ 
for separating the lead by mixing the solution with acetate of soda, 
heating and passing chlorine, requires, according to II. Rose,§ to 
be executed with great caution, since portions of other oxides, even 
such as are not converted by chlorine into higher oxides— for 
instance, oxides of* zinc — are very liable to be. precipitated with the 
binoxide of lead. 

4. Oxide of Copper from all Oxides of the fiiJst Four 

Groups. 

a . Free the solution as far as possible from hydrochloric and 131 
nitric acids by evaporation with sulphuric acid. Dilute if neces- 
sary, boil, and add hyposulphite of $o(Za|| as long as a black pre- 
cipitate continues to form. As soon as this has deposited, and the 
supernatant fluid contains only suspended sulphur, the whole of 
the copper is precipitated. The precipitate is subsulphide of copper 
(Cu,S) } and may be readily washed without suffering oxidation. Con- 
vert it into anhydrous subsulphide by ignition in hydrogen (§ 119, 

3); The other bases are in the filtrate and washings. Evaporate 
"with some nitric acid, filter, and estimate the oxides in the filtrate. 

Results good. The method requires practice, as the end of the 
precipitation of the copper is not so easy to hit as when sulphu- 
retted hydrogen is employed. 

If the solution contained hydrochloric or nitric acid, and this 
Was not first removed before the addition of the hyposulphite, the 
precipitant would be required in much larger quantity ; in the 
presence of hydrochloric acid, because the subchloride of copper 
Produced is only decomposed by a large excess of hyposulphite, in 


* Journ. f. prakt, Chem. 66, 166. ^ lb. 77, 75. 

$ lb, 61 1 56. § Pogg. Anna], no, 417. 

II The commercial salt is often not sufficiently pure ; in winch case some carbo- 
•ute ot soda must be added to its solution, and the mixture filtered. 

A A » far back ae 1842, C. Himly made the first proposal to empioy hyposulphite 
soda for the precipitation of many metals as sulphides (Annal. d. Chem 1. v Pharm 
fra* 5 ?- , Tl '° question, after long neglect, was afterwardsteken »P again by Vonb 
Chom - u - Pharm. 96, 237), and Slater (them. Oaz. 18,5, 369). 

J however, made the first quantitative experiments (Annal. des Mines 1853, 
tatuf JoU ™‘ f ' u ™ kt - Choin. 6f, 105). The results obtained by him are perfectly 
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the presence of nitric acid because the hyposulphite does not begin 
to act on the copper salt till all the nitric acid is decomposed. 

b. Precipitate the copper as subsulphocyanide according to ^2 
§ 1 19, 3, b, or 4, e; the other metals remain in solution (Rivot). 

If alkalies were present and it were desired to determine them in 
the filtrate, sulphocyanide of ammonium must be used instead of 
the potassium salt usually employed. This method is particularly 
well adapted for the separation of copper from zinc. The zinc can be 
precipitated at once from the filtrate by carbonate of soda. The 
method is also suitable for separating copper from iron (II. Rose*) ; 
in this case it is unnecessary that the sesquioxido of iron be com- 
pletely reduced by the sulphurous acid added ; the separation may 
be effected, even if the solution becomes blood-red on the addition 
of the precipitant. 

c. The method of precipitating the copper by addition of a 133 
solution of iodine in sulphurous acid, after removal of the greater 
portion of the free acid present and addition of sulphurous acid 
which has been so often recommended, and was proposed by Fla- 
jOLOT,f has been declared by H. Rose}: to give inaccurate results, 
because a not inconsiderable amount of copper remains in solution. 
This difficulty may be avoided by adding to the hydrochloric solu- 
tion containing a slight excess of acid protochloride of tin in excess, 
chloride of ammonium, and then iodide of potassium, till the latter 
just predominates (E. Fletscher§). As, however, the filtrate will 
contain the excess protochloride of tin and the bichloride produced, 
which would have to be removed before the bases of groups 1—4 
could be determined, this method offers no advantages. 

d. If the solution is not too dilute, if the bases are present as 134 
sulphates, and if hydrochloric and nitric acids are absent, the copper 
may also be completely thrown down by alkaline hypophosphite. 
Hydride of copper is precipitated at about 70°, and this at a higher 
temperature, which should not be allowed to exceed 90°, is de- 
composed into copper and hydrogen. The precipitation is com- 
pleted when a drop taken out is not colored brown by sulphuretted 
hydrogen. Wash the spongy copper by decantation, dry it, and 
ignite in a current of hydrogen. The separation is thorough (W. 
Gibbs and R. Ciiauvenet||). The method is particularly useful 
for separating copper from the metals of Group 4, which may then 

be thrown down from he filtrate by sulphide of ammonium. 

e. The solution should be free from hydrochloric acid, and 135 
should contain a certain quantity of free nitric acid (20 c.c. nitric 
acid of 1*2 sp. gi\ to 200 c.c.), and some sulphuric acijl. Throw 
down the copper by a galvanic current, so that the metal may be 
firmly deposited pn a platinum vessel (preferably a platinum cone), 
which forms the negative pole. Take care that the current is 
strong enqu&Jh and, without interrupting it, remove the cone from 
the fluid occasionally to see when the copper is all precipitated. 
With proper execution the separation of copper from all metals of 
Groups 1 — 4 is thorough. Ail metals of Groups 1 — 4 remain 
dissolved, except manganese, which separates as binoxide at the 
positive pole. The method requires practice and strict attention to 

* Pogg. Annal. no, 424. + Anna! des Mines, 1853. 641. . 

% Pogg. Annul/ 1 io, 425. § Zeitschr. f. anal. Chem. 9, 256. II 10 - '» 3 



BASES OF GROUP V. 


401 


{ 162.1 

the conditions which have been determined bv a Ion" course of 
experiments. It is particularly suited for mining assays and 
manufactures. The electrolytic method of separating copper was, 

1 believe, first recommended by Gibbs,* and afterwards improved 
by Lucitow.t Lecoq de Boisbaudran* TJllgren,§ and 
Meiirick || have also written on this subject. Finally the method 
was very accurately and minutely described by the Mansfelder 
Ober-Berg- und Huttendirection at Eisieben^f who, after giving a 
prize to Luckow’s method, afterwards adopted it, and still further 
improved it. I must refer the reader for details to the last men- 
tioned memoir and Luckow’s paper. 

5. Oxide of Copper from Oxide of Zinc. 

a. Bobieriie** employed the following method with satisfac- 136 
torv results in the analysis of many alloys of zinc and copper : — . 

The alloy is put into a porcelain boat lying in a porcelain tube, 
and heated to redness for three-quarters of an hour at the most, 
a rapid stream of hydrogen gas being conducted over it during 
the process. The zinc volatilizes, the copper remains behind. If 
the alloy contains a little lead (under 2 to 3 per cent.) this 
goes off entirely with the zinc, and is partly deposited in the 
porcelain tube in front of the boat; if more lead is present 
part only is volatilized, the rest remaining with the copper 
(M. BuRSTYNtt). • 

b. A. W. Hoffman’s method given below (159) for separating 137 
copper and cadmium, namely, boiling the precipitated sulphides 
with dilute sulphuric acid, is also adapted for separating copper and 

zinc (G. C. WmsTEiNii). 

6. Oxide of CorrER from Sesquioxide of Iron. 

One of the oldest methods for separating these oxides consists 138 
in precipitating tho solution with ammonia and filtering off the 
oxide of iron from the ammoniacal solution of oxide of copper. To 
obtain accurate results, however, the precipitation must be repeated 
according to the quantity of copper, two or three times — in fact, 

Jill the filtrate no longer appears blue, otherwise the sesquioxide of 
mon will contain copper. 

7* Oxide of Copper from Protoxide of Nickel. 

Evaporate the nitric acid solution, if such is given, with addi- 139 
tion of hydrochloric acid, to dryness, dissolve jtlie chlorides in 
water, add about twice the quantity of the metals present of pure 
Intartrate of potassa, warm slightly, to favor solution, and add a 
solution of potassa in alcohol gradually, till tho first-formed pre- 
cipitate, consisting of hydrated oxides, has redissolved. After 
cooling add a solution of pure grape sugar and boil for 1 or 2 
Minutes. The copper falls down as suboxide. After you have 
satisfied ^ourself, by the addition of a drop of sugar solution to 
le c l ea r fluid, that the precipitation is complete, Alter, and deter- 

4_. * Zeitschr. f. anal. Cliem. 3, 334- 

T Bingler’a polyt. Journ. 177, 296 and (in detail), Zeitschr. f. anal. Chem. 8, 25. 
i Zeitschr. f. anal. Cliem. 7, 253, and 9. 102. § 7 » 2 55 - 

II American Chemist, 2, 136. IT Zeitschr. f. anal. Cliem. 1 1, 1. 

** Conipt. reml. 36, 224; Journ. f. prakt. Cliem. 5S, 380. 

* , T . ft Zeitschr. f. anal. Chem. 11, 175 - 

+ Viertcljahrsschr. f. prakt. Fharin. 17, 461 ; Zeitschr. f. anal. Chem. 8, 202. 
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mine the copper either as oxide (by ignition, treatment with nitric 
acid and reignition) or as subsulphide (§ 119, 3, c) or volumetri- 
cally (§ 1 1 9, 4, e). The fluid containing the nickel is evaporated 
to dryness, the residue ignited, the carbonate of potassa removed 
by washing, the residue reignited, dissolved in aqua regia., and 
the nickel precipitated by potassa according to § no, 1, a (J)e- 
wilde*). The oxide of copper must be filtered off and washed 
rapidly, otherwise a part will be redissolved; the method is 
troublesome and by no means more accurate than the separation by 
sulphuretted hydrogen. 

8 . Teroxide of Bismuth from the Oxides of the first 
Four Groups, with the Exception of Sesquioxide of 
Iron. 

Precipitate the bismuth according to § 120,' 4, as basic chloride, 140 
and determine it as metal ; all the other bases remain completely 
in solution. Results very satisfactory (H. RosEf). 

9. Oxide of Cadmium from Oxide of Zinc. 

Prepare a hydrochloric or nitric acid solution of the two oxides, 141 
as neutral as possible, add a sufficient quantity of tartaric acid, then 
solution of potassa or soda, until the reaction of the clear fluid is 
distinctly alkaline. Dilute now with a sufficient quantity of water, 
and boil for 1^-2 hours. All the cadmium precipitates as hydrated 
oxide free from alkali (to be determined as directed § 121), whilst 
the whole of *he zinc remains in solution ; the latter metal is de- 
termined as directed in § 108, 1, b (Aubel and RamdohrJ). The 
test-analyses communicated are satisfactory. As the separation 
only succeeds when the substances are present in correct propor- 
tions, I will add the quantities employed by Aubel and Ramdoiir 
with especially good effect. About 1 grm. oxide of zinc and 1 grm. 
oxide of cadmium were dissolved in hydrochloric acid, 30 grm. 
solution of tartaric acid (containing *23 grm. acid in 1 grm.), 50 
grm. soda solution of n6 sp. gr., and 120 grm. water added, and 
the whole boiled 2 hours/ (The boiling must on no account be 
done in glass, a platinum or silver dish should be used.) 

10. Protoxide of Manganese from Oxide of Lead, 
Teroxide of Bismuth, Oxide of Cadmium, and Oxide of 
Coffer. 

If you have a solution containing protoxide of manganese and 142 
one of the other bases, precipitate the hot solution with carbonate 
of soda, wash the precipitate with boiling water, first by decanta- 
tion, then on the filter, dry, ignite some time, weigh, and deter- 
mine, in a portion of the residue, the manganese by the metric 
metliod( 72 )* If the oxide of lead, of coppe>, 0f r cadmium, or the 
teroxide of bismuth is present in sufficient quantity, the residue 
has the formula Mn # O s + ajMO (Krieger§). Ytm 

must never omit adding some sulphide of aimnonium to the filtrate, 
to ascertain whether the oxides have been entirely precipitated by 
carbonate qf SO#. 

In pre&pitfcting copper by alkaline carbonates the fluid must 
be diluted SQ’^hat 1 litre may not contain more than 1 grm. copper, 

* Chem. News, 7 , 49. f Pogg. Annal. no, 429. 

X Annal d. Cliem. u. Pharm. 103, 33. § lb. 87, 264. 
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the precipitant must bo added in slight excess, and the mixture 
boiled for about half an hour, when the bluish-green basic car- 
inate will become dark, granular, and easy to wafch (W. Gibbs 
and J3. R. Taylor*). 

II. Separation of the Oxides of tiie Fifth Group 
FROM EACH OTHER. 


Index : — The Noa. refer to those in the margin. 

Oxide of silver from oxide of copper, 143, 148, 150, 164, 165. 

,, oxide of cadmium, 143, 148, 150. 

,, tcroxide of bismuth, 1^3, 147, 150, 161- 

,, oxide of mercury, 143, 148, 150, 158, 160. 

,, oxide of lead, 143, 146, 147, 150, 155, 164, 165. 

Oxide of mercury from oxide of sibrer, ' 143, 148, 150, 158, 160. 

,, suboxide of mercury, 144. 

,, oxide of lead, 145, 146, 147, 150, 158, 160. 

,, tcroxide of bismuth, 145, 147, 150. 151, 158. 

,, oxide of copper, 145, 149, 150, 158, 160. 

,, oxide of cadmium, 145, 150, 158, 

Suhoxidc of mercury from oxide of mercury, 144. 

,, oxide of copper, 144. 

,, oxide of cadmium, 144. 

,, oxide oflead. 144, 146. 

Compare, also, Oxide of mercury from the other metals. 

Oxide of lead from oxide of silver, 143, 147, 150, *155, 164, 165. 

,, oxide of mercury, 145, 146, 147, 150, 158, 160. 

,, suboxide of mercury, 144, 146. 

,, oxide of copper, 146, 147, 150, 152. 

,, teroxide qf bismuth, 146, 147, 152, 161, 162. 

,, oxide of cadmium, 146, 147, 150. 

Tcroxide of bismuth from oxide of silver, 143, 147, 150, 161. 

,, oxide of lead, 146, 147, 152, 161, 162. 

„ oxide of copper, 147, 150, 151, 153, 161. 

,, oxide of cadmium, 147, 150, 151, 153, 157. 

„ oxide of mercury, 145, 147, 150, 151, 158. 

Oxide of copper from oxide of silver, 143, 148 150, 164, 165. 

,, oxide oflead, 146, 147, 150, 152. 

,, • teroxide of bismuth, 147, 150, 151, 153, 161, 

,, oxide of mercury, 145, 149, 150, 158, 160. 

,, suboxide of mercury, [44. 

^ ,, oxide of cadmium, 149, 150, 152, 154, 156, 159. 

,, suboxide of copper, 163, 165. 

Oxide of cadmium from oxide - of silver, 143, 148, 150. 

■' „ oxide of lead, 146, 147, 150. % 

,, teroxide of bismuth, 147, 150. 151, 152, 157. 

,, oxide of copper, 146, 150, 152, 154, 156, 159. 

», oxide of mercury, 14*;, 150, 158.' 

t f * suboxido of mercury, 144. 

I. Methods based upon the Insolubility of certain of the 
Chlorides in Water or Spirit of Wine. 

a ' Oxide of Silver from Oxide of Copper, Oxide of 
Cadmium, Teroxide of Bismuth, Oxide of Mercury, 
and Oxide of Lead. 

0. To separate oxide of silver from oxide of copper , oxide o /143 
Mmium, and teroxide of bismuth , add to the nitric acid solution 
staining excess of nitric acid, hydrochloric acid as long as a 

* Zeitschr. f, anal. Chem. 7, 258, 
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precipitate forms, and separate tlio precipitated chloride of silver 
from the solution which contains the other oxides, as directed 
§ 1 15, i, a. In the presence of bismuth, after pouring off the 
supernatant fluid, heat again with nitric acid, and wash with dilute 
nitric acid before washing with water. 

(3. If you wish to separate oxide of rpercury from oxide of silver 
by hydrochloric acid, special precautions must be taken, as a solu- 
tion of nitrate of mercury possesses the property of dissolving 
chloride of silver (Wackenroder, y. Liebig,* II. DEBUAvf). 
Although the chloride of silver in solution for the most purl; 
separates on the addition of enough hydrochloric acid to convert 
the nitrate of mercury into chloride, or on addition of acetate of 
soda, still we cannot depend upon the complete precipitation of 
the silver. On this account, mix the nitric acid solution -which 
may not contain any suboxide of mercury, and is to be in a 
sufficiently dilute condition and acidified with nitric acid— with 
hydrochloric acid, as long as a precipitate forms. Allow to deposit, 
filter of! the clear fluid, heat the precipitate — to free it from any 
possibly coprecipitated basic mercury salts — with a little nitric 
acid, add water, then a few drops of hydrochloric acid, and filter 
off the chloride of silver. In the filtrate determine the mercury 
as sulphide (§ 1 18, 3), and finally test this for silver, by ignition 
in a stream of hydrogen — any silver that may happen to be present 
will remain behind in the metallic state. # 

y. In th? separation of silver from lead , the precipitation is 
advantageously preceded by addition of acetate of soda. The fluid 
must be hot and the hydrochloric acid rather dilute ; no more must 
be added of the latter than is just necessary. In this manner, the 
separation may be readily effected, since chloride of lead dissolves 
in acetate of soda (Antiion). The chloride of silver is washed 
with hot water. The lead is thrown down from the filtrate with 
sulphuretted hydrogen. If you desire to prevent the occasionally 
injurious influence of acetate of soda, great care must be given to 
the washing of the chloride of silver. It is also well to reduce the 
weighed chloride by gentle ignition in a current of hydrogen and 
to test the silver obtained for lead. Regarding the estimation of 
very minute quantities of silver in lead, compare Analysis of Refined 
Lead in the Special Part. 

5 . The volumetric method (§ 115, 5) is usually resorted to in 
mints to determine the silver in alloys. In presence of oxide of 
mercury, acetate of soda is mixed with the fluid, immediately before 
the addition of the solution of chloride of sodium. In the East 
India mint the silver is separated and weighed as chloride . $ 

b . Suboxide op Mercury from the Oxides of Mercury, 
Copper, Cadmium, and Lead. . 

Mix the highly dilute cold solution with hydrochloric acid, as 144 
long as a precipitate (subchloride of mercury) forms ; allow this to 
deposit, filter on a weighed filter, dry at ioo°, and weigh. The 
filtrate contains the other oxides. If you have to analyse a solid 
body, insoluble in water, either treat directly, in the cold, with 

* Annal. d. Chem. u. Pbarm. 81, 128. 
fCompt. rend. 70, 847 ; Zeitschr. f. anal. Chem. 13, 349 * 

$ Chem. Centralbl. 1872, 202. 
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dilute hydrochloric acid, or dissolve in highly dilute nitric acid, 
ami mix the solution with a large quantity of water before proceed- 
ing t0 precipitate. Care mu§t always be taken that the mode of 
solution is such as not to endanger the oxidation of the suboxide 
of mercury. If lead is present the washing of the subchloride 
must be executed with special qjire with water of 60—70°, till the 
filtrate ceases to be colored with sulphuretted hydrogen, As an 
additional security, it is well to test at last whether the weighed 
subchloride leaves no sulphide of lead behind on cautious ignition 
with sulphur in a stream of hydrogen. 

c. Oxide and Suboxide of Mercuryfrom Oxide of Copper, 

Oxide of Cadmium, and (but less well) from Teroxide 
of Bismuth, and Oxide of Lead. 

If mercury is present as oxide or as oxide and suboxide, it is 145 
precipitated according to § 1 18, 2, by means of hydrochloric acid 
and phosphorous acid as subchloride. The precipitate, particularly 
when bismuth is present, is first washed with water containing 
hydrochloric acid, then with pure water, till the washings are no 
longer colored with sulphuretted hydrogen (H. Bose*). In the 
presence of lead, the remarks in 144 must be attended to. 

d. The method of separating oxide of lead from oxide of 
mercury, oxide of copper, and teroxide of bismuth, by highly 
concentrating the nitric •acid solution, adding hydrochloric acid 
and alcohol, and washing the chloride of lead with alcohol cannot 
he recommended. It is unequal in accuracy to the following 
method ( 146 ). 

2. Methods based upon the Insolubility of Sulphate of Lead. 

Oxide of Lead from all other Oxides of tiie Fifth 
Group. 

Mix the nitric acid solution with pure sulphuric acid in not 146 
too slight excess, evaporate until the sulphuric acid begins to 
volatilize, allow the fluid to cool, add water (in which, if there is 
a sufficient quantity of free sulphuric acid present, the sulphates 
of mercury and of bismuth dissolve completely), and then filter 
the solution which contains the other oxides, without delay from 
the undissolved sulphate of lead. If it is feared that the residue 
no _ longer contains enough free sulphuric acid. # add some dilute 
acid to it before adding the water. Wash the precipitate with 
water containing sulphuric acid, displace the latter with spirit of 
wine, dry, and weigh (§ 116, 3). Precipitate the other oxides from 
the filtrate by sulphuretted hydrogen. If oxide of silver is present 
jn any notable quantity, this method cannot be recommended, as 
0 sulphate of silver is not soluble enough. In this case you may 
ollow Eliot and Storer,1' viz., mix the solution with nitrate of 
ammonia, warm, precipitate the greater portion of the silver with 
c oride of ammonium, evaporate the filtrate, remove the ammonia 
s » I® ignition, and in the residue separate the small remainder 
0 fhe silver from the lead with sulphuric acid as just directed. 

+ d . * Pogg. Annal. no, 534. . _ . 0 , 

n feedings of the American Academy of Arts and Sciences, Sept. 11, i860, 
* 52 y Zei tschr. f. anal. Chem. 1, 389. 

Quant, vol. l h n 
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For the separation of lead from bismuth , on the above principle, 

II. Rose* gives the following process as the best. If both oxides 
are in dilute nitric acid solution, as is usually the case, evaporate 
to small bulk* and add enough hydrochloric acid to dissolve all 
the teroxide of bismuth ; the lead separates partially as chloride. 
Should a portion of the clearf'fluid poi^d off become turbid on tin* 
addition of a drop of water, you must add some more hydrochloric 
acid, till no permanent turbidity is produced unless several drops 
of water are added. The turbid fluid should all be returned, and 
the glasses rinsed with alcohol. Add now dilute sulphuric acid, 
allow to stand some time with stirring, add spirit of wine of *8 sp. 
gr., stir well, allow-, to settle for a long time, Alter, wash the 
sulphate of lead first with alcohol, mixed with a small quantity of 
hydrochloric acid, then with pure alcohol. Determine it after 
§ 1 1 6, 3. Mix the filtrate at once with a large quantity of water, 
and proceed with the precipitated basic chloride of bismuth 
according to § 120, 4. 

3. Methods based upon the different Deportment of the Oxides 
and Sulphides , with Cyanide of Potassium (Fresenius 
and HAiDLENt). 

a. Oxide of Lead and Teroxide of , Bismuth from all 
other Oxides of the Fifth Group. 

Mix the^dilute solution with carbonate of soda in slight excess, 147 
add solution of cyanide of potassium (free from sulphide), heat 
gently for some time, filter, and wash. On the filter you have 
carbonate of lead and of bismuth (containing alkali); the filtrate 
contains the other metals as cyanides in combination with cyanide 
of potassium. The method of effecting their further separation will 
be learnt from what follows. In very accurate analyses bear in 
mind that the filtrate generally contains traces of bismuth, which 
may be precipitated by sulphide of ammonium. 

b. Oxide of Silver from Oxide of Mercury, Oxide of 
Copper, and Oxide of Cadmium. 

Add to the solution, which, if it contains much free acid 148 
must previously be nearly neutralized with soda, cyanide of 
potassium until the precipitate which forms at first is redissolved. 

The solution contains the cyanides of the metals in combination 
with cyanide of potassium as soluble double salts. Add dilute 
nitric acid in excess, which effects the decomposition of the double 
cyanides; the insoluble cyanide of silver precipitates permanently, 
whilst the cyanide of mercury remains in solutio'h, and the 
cyanides of copper and cadmium redissolve in the excess of nitric 
acid. Treat the "cyanide of silver as directed § 115, 3- ^ t ie 
filtrate detains only mercury and cadmium, precipitate at once 
with shf^buretted hydrogen, which completely throws down the 
•sulphides of the two metals ; but if it contains copper, you must 
first’ teat with sulphuric acid, until the odor of hydrocyanic acid 
is no longer perceptible, and then precipitate with sulphuretted 
hydrogen (§119, 3). 

* Pogg. Annal. 110, 432. 


t Annal. d. Chetn. n.-P}i»nn. 43 i I29> 
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c. Oxide op Copper from Oxide of Mercury, and Oxide 
of Cadmium. 

Mix the solution, as in b) with cyanide of potassium until the 149 
precipitate which is first thrown down redissolves ; add some more 
cyanide of potassium, then sulphuretted hydrogen water or sulphide 
of ammonium, as long as a precipitate forms. The sulphides of 
cadmium and mercury are completely thrown down, whilst the 
copper remains in solution, as sulphide dissolved in cyanide of 
potassium. Allow the precipitate to subside, decant repeatedly, 
treat the precipitate, for security, once more with solution of 
cyanide of potassium, heat gently, filter, and wash the sulphides of 
the metals. To determine the copper in the filtrate, evaporate the 
latter, with addition of nitric and sulphuric acids, until there is no 
longer any odor of hydrocyanic acid, and then precipitate with 
sulphuretted hydrogen (§ 119, 3). 

d . All the Metals of the Fifth Group from each 
other. 

Mix tho dilute solution with carbonate of soda, then with 150 
cyanide of potassium in excess, digest some time at a gentle heat, 
and filter. On tho filter jou have carbonate of lead and of bismuth 
(containing alkali) ; separate the two metals by a suitable method. 

Add to the filtrate dilute nitric acid in excess, warm gently till tho 
subcyanide of copper first precipitated with the cyanide of silver 
has redissolved, and filter off the undissolved silver salt, which is to 
be determined as directed § 115, 3. Neutralize the filtrate with 
carbonate of soda, add cyanide of potassium, and pass sulphuretted 
hydrogen in excess. Add now some more cyanide of potassium, to 
redissolve the sulphide of copper which may have fallen down, and 
filter the fluid, which contains the whole of the copper, from the 
precipitated sulphides of mercury and cadmium. Determine the 
copper as directed in c, and separate the mercury and cadmium as 

145 or 158. 

4. Methods based on the Formation and separation of 
insoluble Basic Salts. 

a. Teroxide of Bismuth from Oxides of (Jopper, Cadmium, 
and Mercury (also from the oxides of the first four groups, with 
the exception of oxide of iron). 

Precipitate the bismuth as basic chloride according to § 120, 4, 151 
and throw down the copper, &c. in the filtrate by sulphuretted 
hydrogen. Results thoroughly satisfactory (H. Rose*). 

b . Teroxide of Bismuth from Oxides of Lead and 
Cadmium. 

Separate the bismuth according to § 120, 1, c, as basic nitrate, 152 
? Ut Precipitate the lead and cadmium in the filtrate by sulphuretted 

yarcgen. Results very satisfactory (J. LowEt). 

* fo gg. Annal, no, 430. t Journ. f. prakt. Chem. 74, 345- 
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c. Teroxide of Bismuth and Oxide of Copper from Oxides 
of Lead and Cadmium. 

Separate the bismuth after § 120, i,"c, as basic nitrate, then 
heat the dish on the water-bath till the neutral nitrate of copper is 
completely converted into bluish-green basic salt and no blue- 
solution is produced on addition of water. Allow to cool, treat with 
an aqueous solution of nitrate of ammonia (1 in 500), filter, wash, 
with the same solution, and separate in the solution lead from- 
cadmium ; in the residue copper from bismuth. Results very 
satisfactory (J. Lowe, loc. cit.). 

5. Methods based upon the Solubility of some of the Oxides m 
Ammonia , or Carbonate of Ammonia. 

a. Oxide of Copper from Teroxide of Bismuth. 

a Mix the (nitric acid) solution with carbonate of ammonia in 153 
excess, and warm gently. The bismuth separates as carbonate, 
whilst the carbonate of copper is redissolved by the excess of car- 
bonate of ammonia. As the precipitate, however, generally retains 
a little copper, it is necessary to redissolve it, after washing, in 
nitric acid, and precipitate again with carbonate of ammonia ; the 
same operation must be repeated a third time if required. Some 
solution of carbonate of ammonia may be added to the water used 
for washing. Apply heat to the filtrate r that the carbonate of 
ammonia may volatilize, acidify cautiously with hydrochloric acid, 
and determine the copper as subsulphide f§ 119, 3). The oxide of 
bismuth thus obtained is quite copper-free, but a little bismuth 
passes into the copper solution, hence the. separation does not give 
such exact results as that in 151 (H. Rose*;. 

j 9 . Mix the solution with some chloride of ammonium, and drop 
it gradually into dilute ammonia. The bismuth is precipitated as 
a basic salt, whilst the oxide of copper remains in solution as an 
ammoniacal double salt (Berzelius). Wash the precipitate with 
dilute ammonia, dissolve in dilute nitric acid, and determine as 
directed § 120. Determine the copper in the ammoniacal solution. 

In this method, also, it is advisable to precipitate twice, as in a. 

b. Oxide of Copper from Oxide of Cadmium. 

Add carbonate of ammonia in excess. Carbonate of cadmium 154 
separates, whilst the oxide of copper remains in solution with some 
oxide of cadmium. Upon exposure to air, the latter separates, the 
copper remaining in solution (SxrQMEYEr). Treat the filtrate as 
in 153 * The process is more convenient than 149 or J59> b ut ^ ie 
separation is less complete. - 

c. Chloride of Lead and Chloride of Silver may 1 )(> !*> 
separated also by solution of ammonia, which dissolves the latter, 
leaving the former behind as basic salt. ■ Bear in mind that the 
chloride of silver must be recently precipitated, and with ex- 
clusion of light. The chloride of silver is thrown down from the 
ammoniacal solution by nitric acid. It is necessary to test the 
fluid filtered from the chloride of silver with sulphuretted hydrogen 

to ascertain whether weighable quantities of chloride of silver 


Pogg. Annal. 1 10 430. 
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may not be retained in solution by the agency of the ammonia 
salts. t 

6 . Method based on the Precipitation of the Copper as Subsul- 

phocyanide. 

Oxide of Copper from Oxide of Cadmium (and the oxides of 
Groups I.— IV. comp. 132 ). 

Precipitate the copper according to § 119, 3, b, as subsulpho- 156 
cyanide £Bivot), and the cadmium from the filtrate as sulphide. 
Results good (H. Bose). Palladium may also be separated from 
copper in this way ( Woiiler*). 

7. Method based upon the different Deportment of the Chro- 

mates. 

Bismuto from Cadmium. 

Precipitate the bismuth as directed § 120, 2. The filtrate con- 157 
tains the whole of the cadmium. Concentrate by evaporation, and 
then precipitate the cadmium by the cautious addition of carbonate 
of soda, ns directed § 121, 1, a (J. LdWE,f W. Pearson;}:). The 
results given are satisfactory. 


8. Method based upon the different Deportment of the Sul- 
phides with Aci(]s. 

a. Oxide of Mercury from Silver, Bismuth, Copper, 
Cadmium, and (but less well) from Lead. 

Boil the thoroughly washed precipitated sulphide with perfectly 158 
pure moderately dilute nitric acid. The sulphide of mercury is left 
undissolved, the other sulphides are dissolved. No chlorine may 
he present, and it is necessary that the sulphide of mercury should 
he pure, that is, free from finely divided mercury, which, as is well 
known, is precipitated when subsalts of mercury are treated with 
sulphuretted hydrogen. Gr. v. Kath§ employed this method, which 
is so universally used in qualitative analysis, with perfect success 
for the separation of mercury from bismuth. 

b. Oxide of Copper from Oxide of Cadmium. 

Boil the well-washed precipitate of the sulphides with dilute 159 
sulphuric acid (1 part concentrated acid and 5 parts water), and, 
uftcr some time, filter the undissolved sulphide of copper, to bo 
determined according to § 119, 3, from the solution containing the 
"'hole of the cadmium (A. W. Hofmann||). 

9- Method j based upon the Volatility of some of the Metals, 
Oxides, Chlorides , or Sulphides at a high temperature. 
a - Mercury from Silver, Lead, Copper (in general from the 160 
Petals forming non-volatile chlorides). 

precipitate with sulphuretted hydrogen, collect the precipitated 
*u phides on a weighed filter, dry at ioo°, weigh, and mix uniformly. 
n r ochico an aliquot part into the bulb D (fig. 106), pass a slow 
r 6am of chlorine gas, and apply a gentle heat to the bulb, in- 


Annal. d. Chem. u. Pharm. 140, 144; Zoitschr. f. anal. Chem. 5, 403. 

+ -Journ. f prakt. Chem. 67, 469. + Phil. Mag. 11, 204. 

^ *°gg- Annal. 96, 322. II Annal. d. Chem. u. 1 harm. 115, 286. 
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creasing this gradually to faint redness. Connect G during the 
operation with a carboy containing moist hydrate of lime, hirst 
chloride of sulphur distils over, which decomposes with the water 
in E and F (p. 385); then the chloride of mercury formed 
volatilizes, condensing partly in E y partly in the hind part of 0 . 



Fig. 106. 


Cut off that part of the tube, rinse the sublimate with water into 
E , and mix this contents of the latter with water in F. Mix 
the solution with excess of ammonia, warm gently till no more 
nitrogen is evolved, acidify with hydrochloric acid, and then 
determine in the fluid filtered? from th^ypjlphur which may still 
remain undissolved, the mercury as directed §118, 3. If the 
residue consists of chloride of silver alone, or chloride of lead 
alone, you may weigh it at once ; but if it contains several metals, 
you must reduce the chlorides by ignition in a stream of hydrogen, 
and dissolve the reduced metals in nitric acid for their ulterior 
separation. Bear in mind that, in presence of lead, the sulphides 
and the chlorides must be heated gently, in the chlorine and 
hydrogen respectively, otherwise bot#$ chloride of lead might 


volatilize. * « 

If it is intended to determine the mercury by the difference, 
instead of* in the direct way, the apparatus may be much simplified. 
In this case, however, great care must be bestowed on the drying 
of the sulphides at ioo°. Hence the method should only w 
adopted when a small quantity only of another metal is present 
with the mercury. Weigh the dried precipitate every hah hour, 
and take the lowest weight as the correct one. Then ignAp an 
aliquot part of the precipitate in the stream of hydrogen * n a 
crucible with perforated cover, or in a tube with porcelain oa . 
The method cannot be applied unless only one metal is P re8 ® n 
with the mercury. From the residue in the crucible or boat reclto 
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] imv much the whole precipitate, dried at ioo°, would have 
yielded, then calculate the result into sulphide, in which form the 
substance was contained in the dried precipitate— the difference 
is sulphide of mercury. By ignition in hydrogen sulphide of silver 
yields the metal, sulphide of copper the subsulphide. In the 
presence of lead the last method is inapplicable, ai s sulphide of lead 
readily loses weight in a current of hydrogen (§ 83,/). 

In alloys or mixtures of oxides the mercury may usually ho 
determined with simplicity from the loss on ignition in the air or 
in hydrogen. 

b . Teroxide of Bismuth from Oxides of Silver, Lead, and 
Copper. 

The separation is effected exactly in the same way as that of 161 
mercury from the same metals (160)* The method is more 
especially convenient for the separation of the metals in alloys. 

Care must be taken not to heat too strongly, as otherwise 
chloride of lead might volatilize ; nor to discontinue the application 
of heat too soon, as otherwise bismuth would remain in the residue. 

Aug. Vogel* gives 300° to 370° as the best temperature. Put 
water containing hydrochloric acid in E and F (fig. 106), and 
determine the bismuth therein according to § 120. 

10. Precipitation of one Metal in the Metallic State by another 
or the lower oxide of another. 

a . Oxide of Lead from Teroxide of Bismuth* 

Precipitate the solution with carbonate of ammonia (§ 116, 1, a 162 
and § 120, 1, a), wash the precipitated carbonates, and dissolve in 
iicetic acid, in a flask ; plac$ a weighed rod of pure lead in the 
solution and nearly fill up with water, so that the rod may be 
entirely covered by the fluid ; close the flask, and let it stand for 
about 12 hours, with occasional shaking. Wash the precipitated 
bismuth off from the lead ro<L collect on£ filter, wash, and dissolve 
ln nitric acid ; evaporate tne solution, and determine the bis- 
muth as directed § 120. Determine the lead in the filtrate 
as directed §116. Dry the leaden rod, and weigh; subtract the 
oss of weight which the rod has suffered in the process, from 
bo amount of the lead obtained from the filtrate (UllgrenI*). 
atera+ recommends precipitating from dilute* nitric solution, 
washing the precipitated bismuth first with water, then with 
a coho] , transferring to a small filter, drying and weighing. If it 
? .red tlje finely divided J&ismuth has undergone oxidation, 

1 18 well to fuse it with cyanide of potassium (§ 120, 4). 

k Suboxide of Copper from the Oxide. 

Suboxide of copper may be determined with accuracy in 163 
Presence of the oxide with the aid of a solution of nitrate of silver. 

^ ^ti° n of this salt upon suboxide of copper was first studied 
y bb Bose.§ According to Hampe,|| who further examined the 

* Zeitschr. f. anal. Chem. 13, 61. t Berzelius' Jahresber. 21, 148. 

* ^eitachr. f. anal. Chem. 5, 226. § Jo«/n. f prakt. Chem. 71,412. 

|| Zeitsclir. f. anal. Chem. 13, 207. 
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matter with the greatest care, the action is as follows, sufficient 
dilution and a very gentle heat being implied : 3Cu 2 0 4- 3(AgO 
N0 4 )+ *HO = (4CuO;NO, + 3HO) + 2(C&0,N0 S ) + jAg + fc-^) 

HO. To the very finely divided mixture of the oxides add 200 
times their amount of water, and an excess of perfectly pure 
neutral nitrate of silver, warm to 40°, allow to stand for three days, 
filter, wash, dissolve the precipitate in nitric acid, and estimate the 
silver therein as chloride. 3 eq. silver found correspond to 6 eq. 
copper present as suboxide. Determine in a second portion of the 
substance the total quantity of copper, and then find the quantity 
present as oxide by difference. 

11 . Separation of Silver by Cupellation. 

CuPELLATiON was formerly the universal method of deter- 164 
mining silver in alloys with copper, lead, &c. The alloy is fused 
with a sufficient quantity of pure lead to give to 1 part of silver 16 
to 20 parts of lead, and the fused mass is heated, in a muffle, in a 
. small cupel made of compressed bone-ash. Lead and copper are 
oxidized, and the oxides absorbed by the cupel, the silver being 
left behind in a state of purity. One part by weight of the cupel 
absorbs the oxide of about 2 parts of lead ; the quantity of the 
sample to be used in the experiment may be estimated accordingly. 

This method is only rarely employed in laboratories ; I have given 
it a place he»0,jiowever, because it is one of the safest processes to 
determine very* small quantities of silver in alloys,* With regard 
to details, I refer to the “ Determination of Silver in Galena,” in 
the Special Part. 

12 . Methods depending on the Volumetric Estimation of one 

■i oxide, 

a. Suboxide of Copper in presence of tiie OxiDE.t 

Dissolve the substance, if necessaiy in a current of carbonic 165 

acid, in hydrochloric acid, and determine the chloride of copper in 
solution with protochlorido of tin (§ 119, 4, d). In a second por- 
tion of the substance estimate the total quantity of copper according 
to one of the methods given §119. 

It results from the remarks on p. 261, that suboxide of copper 
in presence of oxide 1 a ay also be estimated on the basis of the 
action of sesquichlorido of iron upon the former. 

b. Oxide of Silver in presence of the Oxides of Lead 
and Copper. 

Small quantities of silver may be estimated by Pisanis 
method, §115, II. 

* Compare Malaguti and Durocher, Comp. rend. 29. 689; Dinoler, n5* 
276. Also W. Hampe, Zeitschr. f. anal. Chem. 11, 221. . , on 

f The method of Commaille (Compt. rend. 56, 309) can no longer be re,ieai I j 
siace Stas has showu that the finely divided silver thrown down by ainmoi 1 
solution of subchloride of oopper dissolves largely in ammonia widi access 0 
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SIXTH GROUP. 

TEROXIDE OF GOLD — BINOXJDE OF PLATINUM- — PROTOXIDE OF TIN - 
BINOXIDE OF TIX— TEROXIDE OF ANTIMONY-*— (aNTIMONIC ACID - - 
ARSENIOUS ACID — ARSENIC ACID. * 

I. Separation of the Oxides of the Sixth Croup from the 
Oxides of the first Five Groups. 

§ 164. 

Index : — The Nos. refer to those in the margin. 

Cold , from the oxides of Groups I. — III., 1C6. 171. 

,, ,, IV., 166, 169, 171. 

,, silver, 169, 188. 

„ mercury, 169, 182. 

„ lead, 169. 194. 

„ copper, 169, 1 7 1. 

„ bismuth, 169, 171, 194. 

,, cadmium, 169, 171. 

Platinum , from the oxides of Groups I. — III., 166, 172. 

>« 1. ‘ IV., 166, 170, 172. 

,, silver, 170. 188. 

„ mercury, 170, 172. 

„ lead, 170. 

,, copper. 170, 172. 

,, bismuth, 170, 172. 

cadmium,, 1 70, 172. 

Tin , from the oxides of Groups I. anrl IT., 166, 175, 1S1. 

» „ III., 166, 175. 

1, zinc, 166, 168, 173, 175. 

11 manganese, 166, 168, 175. 

,, nickel arid cobalt, 166, 168, 173, 175, 1S0. 
n iron, 166, 168. 

„ silver, 167, 168, 173, 180. 

♦> mercury, 167, 168, 173. 

1, lead, 167, 168, 173, 180. 

a copper, 167, 168, 173, 175, 180. 

it bismuth, 167, 168. 

»» t cadmium, 167, 168, 173, 175. 

Antimony , from the oxides of Groups I. and II., 166, 178. 
n Ill , 166. 

** zinc, 166, 168, 174. 

11 manganese, 166, 168. 

ii nickel and cobalt, 166, 168, 174, 179, 1S0. 

»» iron, 166, 168, 178. 

n silver, 167, 168, 174, 180. 

mercury, 167. 168, 174, 176, 189. 

»i lead, 167, 168, 174, 180, 191. 

♦1 copper, 167, 168, 174, 178, 180, 192. 

11 bismuth. 167, 168. 

•• , cadmium, 167, 168, 174. 

Art ' nic , from oxides of Group I., 166, 178, 184. 186, 187. 

" „ II., 166, 177, 178, 184, 186, 187, 190. 

« ,, III., 166, 185, 186 

»• ziuc, 1 66, 168, 177, 183, 184, 186, 187. 

*1 manganese, 166, 168, 177, 183. 185, 186, 1S7. 

nickel and cobalt, 166, 168, 177, 179, 180, 183, 184, 1851 I06, 187* 
»i iron, 166, 1 68, 177, 178, 183. 185, 186. 

»» silver, 167, 168, 177, 180, 186. 

♦> mercury, 167, 168, 186, 189. 

»> lead, 167, 168, 177, 1S0, 183. 184, 186, 190. 

»i copper, 167, 168, 177, 178. 180, 183, 184, 185, 186, 192, 193. 

’» bismuth, 167,168, 177, 186. 

»» cadmium, 167, 168, 177, 184, 1S5, 1S6. 
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A. General Methods. 

1. Method based upon the Precipitation of Oxides of the Sixth 

Group from Acid Solutions by Sulphuretted Hydrogen. 

All Oxides of the Sixth Group from those of the first 
Four Groups. 

Conduct into the acid* solution sulphuretted hydrogen in ]£Q 
excess, and filter off the precipitated sulphides (corresponding to 
the oxides of the sixth group). 

The points me#tioped 127> a > £, and y must also be attended 
to here. As regards y, antimony and tin are to be inserted between 
cadmium and mercury, in the order of metals there given. With 
respect to the particular conditions required to secure the proper 
precipitation of certain metals of the sixth group, I refer to 
Section I Y, I have to remark in addition : — 

a. That sulphuretted hydrogen fails to separate arsenic acid 
from oxide of zinc, as, even in presence of a large excess of acid, 
the whole or at least a portion of th^ zinc precipitates with the 
arsenic (Wohler). To secure the separation of the two bodies 
in a solution, the arsenic acid must first be converted into arsen ions 
acid, by heating with sulphurous acid, before the sulphuretted 
hydrogen is conducted into the fluid. 

fi . That in presence of antimony, tartaric acid should be added, 
as otherwise the sulphide of antimony will contain chloride ; and 
that sulphide *of antimony, when thrown down- from a boiling 
solution by sulphuretted. hydrogen, becomes black after a time and 
so dense that it is deposited like sand, whereby the filtration and 
washing are much facilitated (S. P. SchafelerI*). 

2 . Method based upon the Solubility of the Sulphides of the 

Metals of the Sixth Group in Sulphides of the Alkali Metals. 

a. The Oxides of Group YI, (with the exception of Gold and 167 
Platinum) from those of Group Y. ' 

Precipitate the acid solution with sulphuretted hydrogen, pay- 
ing due attention to the directions given in Section IY. under 
the heads of the several metals, and also to the remarks in 166* 

The precipitate consists of the sulphides of the metals of Groups V. 
and YI. Wash, and treat at once with yellow sulphide of ammo- 
nium in excess. (It i% usually best to spread Out the filter in a 
porcelain dish, add the sulphide of ammoniu|p, cover with a large 
watch glass, and place on a heated water-bath. Unnecessary 
exposure to air should be avoided.) Add some water, filter off 
the clear fluid, treat the residue again with sulphide of ammonium, 
digest a short toe, repeat the same operation, if necessary, a third 
and fourth toe, filter, and wash the residuary sulphides of 
Group Y/irfth water containing sulphide of ammonium. If proto- 
sulphide of tin Is present, some flowers of sulphur must be added 
to the sulphide of ammonium, unless the latter be very yellow. 

In presence of copper, the sulphide of which is a little soluble in 
sulphide of ammonium, sulphide of sodium should be used instead. 

* Hydrochloric acid answers best as acidifying agent. , 

+ Berichte der deutschen chem. Gesellsck. 1871, 279. 1 have myself confirmed 
those observations. 
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However, this substitution can be made only in the absence of 
mercury, since the sulphide of that metal is soluble in sulphide of 
sodium. 

Add to the alkaline filtrate, gradually, hydrochloric acid in small 
portions, until the acid predominates ; allow to subside, and then 
filter off the sulphides of the metals of the sixth group, which are 
mixed with sulphur. 

Schneider* states that he failed in effecting complete separa- 
tion of bisulphide of bismuth from bisulphide of tin by digestion 
with sulphide of potassium, but succeeded by conducting sulphu- 
retted hydrogen into the potassa solution of tartrate of teroxide of 
bismuth and protoxide of tin (which decompose into binoxide of 
bismuth and binoxide of tin). 

If a solution contains much arsenic acid in presence of small 
quantities of copper, bismuth, &c., it is convenient to precipitate 
theso metals (together with a very small amount of sulphide of 
arsenic) by a brief treatment with sulphuretted hydrogen. Filter, 
extract the precipitate with sulphide of ammonium (or sulphide of 
potassium), acidify the solution obtained, mix it with the former 
filtrate containing the principal quantity of the arsenic, and proceed 
to treat further with sulphuretted hydrogen (§ 127 , 4 , b). 

b. Tiie Oxides of Group VI. (with the exception of Gold and 168 
Platinum) from tiiosk of Groups IV. and V. 

a. Neutralize the solution with ammonia, add chloride o& ammo- 
nium, if necessary, and then yellow sulphide of ammonium in ex- 
cess ; digest in a closed flask, for some time at a moderate heat, and 
then proceed as in 167- Repeated digestion with fresh quantities 
of sulphide of ammonium is indispensable. On the filter, you have 
the sulphides of the metals of Groups IV. and V. Wash with water 
containing sulphide of ammonium. In presence of nickel, this 
method offers peculiar difficulties ; traces of sulphide of mercury, 
too, are liable to pass into the filtrate. In presence of copper 
(and absence of mercury), soda and sulphide of sodium are substi- 
tuted for ammonia and sulphide of ammonium. f 

0 * In the analysis of solid compounds (oxides or salts), it is in 
most cases preferable to fuse the substance with 3 parts of dry car- 
bonate of soda and 3 of sulphur, in a covered porcelain crucible, 
y hen the contents are completely fused, and the excess of sulphur 
18 v °latilized, the mass is allowed to cool, and llhen treated with 
water, which dissolves the sflilphosalts of the metals of the sixth 
group, leaving the sulphides 01 Groups IV. and V. undissolved. By 
ms means, evqp ignited binoxide of tin may be readily tested for 
Uon > &c., and the amount of the admixture determined (H. Rose). 

, * Annal. d. Chem. 11. Pharm. 101, 64. 

7 T , e accuracy of this method has been called in question by Bloxam (Quart* 
l~ urn * Uhem. Soc. 5, 119). That chemist found that sulphide of ammonium fails 
separate small quantities of bisulphide of tin from large quantities of sulphide 
'mercury or sulphide of cadmium (1 : 100) ; and that more especially the separa- 
a Jf of copper from tin and antimony (also from arsenic) by this method is a failure, 
can tle whole of the tin remains with the copper. The latter statement I 
Jr not confirm, for Mr. Lucius, in my laboratory, has succeeded in separating 
* rotn by means of yellowish sulphide of sodium completely ; but it is 
Posable to digest three or four times with sufficiently large quantities of the 
eut > as stated in the text 
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Tlie solution of the sulphosalts is treated as in 167 - In the pre- 
sence of copper, traces of the sulphide may be dissolved with the 
sulphides of Group VI. Occasionally a little sulphide of iron dis- 
solves, coloring the solution green. In that case add some chloride 
of ammonium, and digest till the solution has turned yellow. In- 
stead of the mixture of carbonate of soda and sulphur you may 
also use already prepared liepar sulphur is, or, as Eroiide* says, 
you may fuse the substance with 4 or 5 parts of hyposulphite of 
soda. 

B. Special methods. 

i. Methods based upon the Insolubility of some Metals of the 
Sixth Group in Acids. 

a . Gold from Metals of Groups IV. and V. in Alloys. 
a. Boil the alloy with pure nitric acid (not too concentrated), 169 
•or, according to circumstances, with hydrochloric acid. The other 
metals dissolve, the gold is left. The alloy must be reduced to 
tilings, or rolled out into a thin sheet. If the alloy were treated 
with concentrated nitric acid, and at a temperature below boiling, 
a little gold might dissolve in consequence of the co-operation of 
nitrous acid. In the presence of silver and lead, this method is only 
applicable when they amount to more than 80 per cent., since other- 
wise they are not completely dissolved. Alloys of silver and gold 
containing less than 80 percent, of silver are” therefore fused with 
3 parts of lead, before they are treated with nitric acid. The resi- 
duary gold is weighed; but its purity must be ascertained, by dis- 
solving in cold dilute nitrohydrochloric acid, not in concentrated 
hot acid, as chloride of silver also is soluble in the latter. In the 
presence of silver a small quantity of its chloride is usually ob- 
tained here. If it can be weighed, it should be reduced and 
deducted. 

At the Mint Conference held at Vienna in 1857, the following 
process was agreed upon for the mints in the several states of 
Germany. Add to 1 part; of gold, supposed to be present, 2 J parts 
of pure silver ; wrap both the alloy and the silver in paper together, 

•and introduce into a cupel in which the requisite amount of lead is 
just f using. t After the lead has been absorbed , i the button is 
flattened by hammering or rolling, then ignited and rolled. The 
rolls are treated first wjth nitric acid of 1*2 sp. gr., afterwards with 
nitric acid of 1*3 sp. gr., rinsed, ignited, and weighed. § Even after 
boiling again with nitric acid of 1*3 sp, gr., they retain 75 to 1- 
thousandth of silver which will remain as chloride if the rolls are 
treated with cold dilute aqua regia (H. Rossler, loc. cit.)p 

p. Heat the alloy (previously filed or rolled) in a capacious pla- 
* Zeitschr. f. anal. Cliem. 5, 405. 

I If the weighed sample, say *25 grm., contains 98-92^ gold, 3 grm. of lead are 
required; if 92-87*5, 4 grm.; if 87*5—75, 5 grm. ; if 75-60, 6 grm. ; if 60-35, 7 8 ,in ' ’ 
if less than 25, 8 grm: 

t A small quantity of gold— from one to three thousandths— is always 
cnpellation. The loss increases with the amount of lead, and is also dependent 
the proportion of silver to gold. The more silve»* present the less is the I<* 8 
jgo'.d. In large buttons the loss is less than in small ones (II. Rossleh, Ding* 
polyt Jouru. 206, 185; Zeitschr. f. nnal. C'hem. 13, 87). 7 . 

§ Kunst- und Gewerbeblatt f. Baiern, 1857, 151 ; Chem. Centralbl. 1S57, 3 ‘ ' 
Polyt. Centralbl. 1857, 1151, 1471, 1639. 
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tinum. dish with a mixture of 2 parts pure concentrated sulphuric 
acid and 1 part water, until the evolution of gas has ceased, and 
the sulphuric acid begins to • volatilize ; or fuse the alloy with bi- 
sulphate of potassa (H. Rose). Separate the gnld from the sul- 
phates of the other metals, by treating the mass with water which 
should finally be boiling. It is advisable to repeat the operation 
with the separated gold, and ultimately test the purity of the* 
latter. In presence of lead this method is not good. 

y. The methods given in « and fi may be united, i.e., the 
cupelled and thinly-rolled metal may be first warmed with nitric 
acid of i*2 sp. gr., then thoroughly washed, the gold boiled 5 
minutes with concentrated sulphuric acid, washed again, and 
ignited (Mascazzini, Bugatti). 

b. Platinum from Metals of Groups IV. and V., in 
Alloys. 

The separation is effected by heating the alloy in filings or foil 17 Q 
with pure concentrated sulphuric acid, with addition of a little 
water, or by fusing with bisulphate of potash ( 169 , P ) ; but not with 
nitric acid, as platinum in alloys will, under certain circumstances, 
dissolve in that acid. 

2. Method based upon the Separation of Gold in the metallic 
state. * 

Gold from all Oxides of Groups I. — V., with tAe excep- 
tion of Oxide of Lead, Suboxide of Mercury, and Oxide of 
Silver. 

Precipitate the hydrochloric acid solution with oxalic acid as 171 
directed § 123, b, y, or with sulphate of iron, § 123, b, a, and filter 
off the gold when it has completely separated. Take care to add a 
sufficient quantity of hydrochloric acid after the reduction to insure 
solution of any oxalates. In the presence of copper the addition of 
hydrochloric acid does not suffice, since the coprecipitated oxalate 
of copper will dissolve with difficulty in this acid. E. Purgotti* 
recommends in this case, after precipitation, adding potash cau- 
tiously to the boiling hot fluid till it is neutral, and then if neces- 
sar y so me neutral oxalate of potash. Double oxalate of copper 
and potash will be formed which dissolves with a blue color. The 
gold after washing will now be pure. 

3 * Method based upon the Precipitation of Platinum as Potas- 
8 io- or Ammonio-bichloride of Platinum. 

Platinum *from the Oxides of Groups IV. and V., with the 
exce ption of Suboxide of Mercury, Oxide of Lead, and Oxide 
0F Silver. 

Precipitate the platinum with chloride of potassium or chloride 172 
°f ammonium as directed § 124, and wash the precipitate thoroughly 
^ V1 k spirit of wine. The platinum prepared from the precipitated 
ttmonium or potato an salt is to be tested after being weighed, to 
of^t her ^ y' iQlds any metal (especially iron) to fusing bisulphate 


* Zeitschr. f. anal. Chem, 9, 128* 



478 


SEPARATION. 


[§ m. 

4. Methodsbased upon the Separation of Oxides insoluble in 
Nitric Acid. 

a. Tin from Metals of Groups IV! and V. (not from Bis- 
muth, Iron, or Manganese*) in Alloys. 

Treat the finely divided alloy, or the metallic powder obtained I73 
by f reducing the oxides in a stream of hydrogen with nitric acid, 
as directed § 126, 1, a. The filtrate contains the other metals as 
nitrates. As binoxide of tin is liable to retain traces of copper 
and lead and iron, you must in an accurate analysis, test an 
aliquot part of it for these bodies, and determine their amount as 
directed 168 , 3 - 

Brunner recommends the following course of proceeding, by 
which the presence of copper in the tin may be effectually guarded 
against. Dissolve the alloy in a mixture of 1 part of nitric acid, 

4 part# of hydrochloric acid, and 5 parts of water ; dilute the solu- 
tion largely with 'water, and heat gently. Add crystals of carbo- 
nate of soda until a distinct precipitate has formed, and boil. (In 
presence of copper, the precipitate must, in this operation, change 
from its original bluish-green to a brown or black tint.) When 
the fluid has been in ebullition some 10 or 15 minutes, allow it to 
cool, and then add nitric acid, drop by drop, until the reaction is 
distinctly acid ; digest the precipitate for several hours, when it 
should have acquired a pure white color. The binoxide of tin thus 
obtained is {pee from copper ; but it inay contain some iron, which 
can be removed as directed in 168 ? 0. 

Before the binoxide of tin can be considered pure, it must be 
tested also for silicic acid, as it frequently contains traces of this 
substance. To this end, an aliquot part is fused in platinum with 
3 — 4 parts of carbonate of soda and potassa, the fused mass boiled 
with water, and the. solution filtered ; hydrochloric acid is them 
added to the filtrate, and, should silicic acid separate, the fluid is 
filtered off from this substance. The tin is then precipitated by 
sulphuretted hydrogen, and the silicic acid still remaining in the 
filtrate is determined in the usual way (§ 140). If hydrochloric 
acid has produced a precipitate of silicic acid, the last filtration is 
effected on the same filter (KniTTELt), 

b . Antimony from the Metals of Groups IV. and V. in 
Alloys (not from bisfnuth, iron, and manganese). 

Proceed as in 173 , filter off the precipitate, and convert it by 171 
ignition into antimoniate of teroxide of antimony (§ 125, 2). 
Results only approximative, as a little teroxide of an^mony dis- 
solves. Alloys of antimony and lead, containing the former metal 
in excess, should be previously fused >vith a weighed quantity of 
pure lead (Varrentrapp?). 

* If the ‘ttljjgg {tit tin contains bismuth or manganese, there remains withd’® 
binoxide of, .^fc^tvays teroxide of bismuth or sesquioxide of manganese, 
cannot bo extracted by nitric acid ; if it contains iron, on the contrary, «> m ® ^ 
oxide of tin always dissolves with the iron, and cannot be separated e\ 
repeated evaporation (H. Rose, Pogg. Anna! 112, 169, 170, 172). , 

f Chem. Centralbl. 1857, 929. J Dingier’* polyt. Journ. 150, j 
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5. Methods based on the Precipitation of Binoxide of Tin by 

Neutral Salts (e.g., Sulphate of Soda) or by Sulphuric 
Acid. 

Tin from tiie Oxides of Groups I., IT., III.*; also from Pro- 
toxide of Manganese, Oxide of Zinc, Protoxides of Nickel, 
and Cobalt, Oxide of Copper, Oxide of Cadmium (Peroxide of 
Gold). 

Precipitate the hydrochloric acid solution, which must contain 175 
the tin entirely as binoxide (bichloride), according to § 126, 1 ,b, 
by nitrate of ammonia or sulphate of soda (Lowentiial), or by 
sulphuric acid, which, H. Rose says, answers equally well. Alloys 
arc always treated as follows: — First, oxidize by digestion with 
nitric acid ; when no more action takes place, evaporate the greater 
portion of the nitric acid in a porcelain dish, moisten the mass 
with strong hydrochloric acid, and after half an hour add water, 
in which the metachloride of tin and the other chlorides dissolve. 
Alloys of tin and gold are dissolved in aqua regia, the excess of 
acid evaporated, and the solution diluted with much water, beforo 
precipitating with sulphuric acid. 

It must be remembered that in this process any phosphoric acid 
that may be present is precipitated entirely or partially with the 
binoxide of tin. After the precipitate has been well washed by 
decantation, Lowentiial Recommends to boil with a mixture of 1 
part nitric acid (sp. gr. 1*2) and 9 parts water, then to transfer to 
the filter, and wash thoroughly. Results very satisfactory. If the 
fiuid contains sesquioxide of iron, a portion of the latter always falls 
down with the tin. Hence the binoxide of tin must be tested for 
iron according to 168 , ft which, if present, must be determined 
and deducted. 

6. Method based on the insolubility of Sulphide of Mercury in 

Hydrochloric A cid. 

Mercury from Antimony. 

Digest the precipitated sulphides with moderately strong hy- 176 
drochloric acid in a distilling apparatus. The sulphide of anti- 
mony dissolves, while the sulphide of mercury remains behind, 
bxpel all the liydrosulphuric acid, then add tartaric acid, dilute, 
filter, mix the filtrate with the distillate which contains a little 
antimony, and precipitate with sulphuretted* hydrogen. The 
sulphide of mercury may be weighed as such (F. Field*). 

7* Methods based upon the Conversion of Arsenic and Anti- 
mony into Alkaline Arseniate and Antirnoniate. 

a. Arsenic from the Metals and Oxides of Groups II., 
av., and y. 

If you have to do with arsenites or arseniates, fuse with 3 parts 177 

0 carbonate of soda and potassa and 1 part of nitrate of potassa ; 

1 un alloy has to be analysed it is fused with 3 parts of carbonate 
ot soda and 3 parts of. nitrate of potassa. In either case the 
^sulue is boiled with water, and the solution, which contains the 
urseniates of the alkalies, filtered from the undissolved oxides or 

* Quart. Journ, Chem. Soc. 12, 32. 
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carbonates. The arsenic ochi is determined in the fdtmte 
dimeted / n/, s. 1/ tfo quantity of menu? & on. fy- small, f 
platinum crucible may be used, otherwise a porcelain cmciblo 
must be used, as platinum would be seriously injured. In tho 
latter case, bear in mind that the fused mass is contaminated with 
silicic acid and alumina. If the alloy contains much arsenic a 
small quantity may be readily lost by volatilization, even though 
the operation be cautiously conducted. In such a case, therefore, 
it is better first to oxidize with nitric acid, then to evaporate, and 
to fuse the residue as above directed with carbonate of soda and 
nitrate of potassa. 

b. Arsenic and Antimony from Copper and Iron, especially 
in ores containing sulphur. 

Diffuse the very finely pulverized mineral through pure sola- 178 
tion of potassa, and conduct chlorine into the fluid (comp. p. 388 ). 

The iron and copper separate as oxides, the solution contains 
sulphate, arseniate, and antimoniate of potassa (Pivot, Beudant, 
and Daguin*). 

c. Arsenic and Antimony from Cobalt and Nickel. 

Dilute the nitric acid solution, add a large excess of potassa, 179 
heat gently, and conduct chlorine into the fluid until the precipi- 
tate is black. The solution contains the whftle of the arsenic and 
antimony, the precipitate the nickel and cobalt as sesquioxides 
(IiivoT, Beudant, and Daguin, loc cit.). 

Methods based upon the Volatility of certain Chlorides or Metals, 

a. Tin, Antimony, Arsenic from Copper, Silver, Lead, 
Cobalt, Nickel. 

Treat the sulphides with a stream of perfectly dry chlorine, 180 
proceeding exactly as directed in 160- In presence of antimony, 
fill the tubes E and F (fig. 106 ) with a solution of tartaric acid 
in water, mixed with hydrochloric acid. The metals may be also 
separated by this method in alloys. The alloy must be very finely 
divided. Arsenical alloys are only very slowly decomposed in this 
way. In separating arsenic and copper the temperature must not 
exceed 200 °, and chlorine water should be put into the receiver 
(Parnell*!). If tin end copper are separated in this manner, 
according to the experience of H. Rose,J a small trace of tin 
remains with the chloride of copper. 

b. Binoxide of Tin, Teroxide of Antimony (and Also Anti- 
monic Acid), Arsenious, and Arsenic Acids, from Alkalies and 
Alkaline Earths. 

Mix the solid compound with 5 parts of pure chloride of am-loi 
monium in powder, in a porcelain crucible, cover this with a 
concave platinum lid, on which some chloride of ammonium is 
sprinkled, and ignite gently until all chloride of ammonium is 
driven off ; mix the contents of the crucible with a fresh portion 

* Comp. rend. 1853, 835; Journ. f. prakt. Ohem. 61, 133- 
+ Chem. News, 21, 133. t Pogg. Annal. 112, 109* 
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of that salt, and repeat the operation until the weight remains 
constant. In this process, the chlorides of tin, antimony, and 
arsenic escape, leaving the chlorides of the alkaline and alkaline 
earthy metals. The decomposition proceeds mo^t rapidly with 
alkaline salts. With regard to alkaline earthy salts it is to be 
observed that those which contain antimonic acid or binoxide of 
tin are generally decomposed completely by a double ignition with 
chloride of ammonium (magnesia alone cannot bo separated per- 
fectly from antimonic acid by this method). The alkaline earthy 
arseniates are the most troublesome ; the baryta, strontia, and lime 
salts usually require to bo subjected 5 times to the operation, before 
they are free from arsenic, and the arseniato of magnesia it is 
impossible thoroughly to Recompose in this way (H. Rose*). 
According to SALKOWSKif arseniate of baryta may be converted 
into chloride quite free from arsenic by one ignition with chloride 
of ammonium ; however arseniate of lime was found to leave a 
residue containing arsenic acid even after six ignitions with 
chloride of ammonium. 

c. Mercury from Gold (Silver, and generally from tiie 
Non-volatilf. Metals). 

Heat the weighed alloy in a porcelain crucible, ignite till the 182 
weight is constant, and determine the mercury from the loss. If 
it is desired to estimate it directly, the apparatus, fig. 84,^. 250, 
may be used. In cases where the separation of mercury from 
metals that oxidize on ignition in the air is to be effected by this 
method, the operation must be conducted in an atmosphere of 
hydrogen (p. 200, fig. 79). 

9. Methods based on the Volatility of Sulphide of Arsenic . 

Arsenic Acid from tiie Oxides of Manganese, Iron, Zinc, 
Copper, Nickel, Cobalt (not so well from Oxide of Lead, 
and not from Oxides of Silver, Aluminum or Mag nesium). 

Mix the arsenic acid compound (no matter whether it has been 183 
air-dried or gently ignited) with sulphur, and ignite under a good 
draught in an atmosphere of hydrogen (p. 200, fig. 79; the per- 
forated lid must in this case be of porcelain ; platinum would not 
answer). The whole of the arsenic volatilizes, ithe sulphides of 
jnanganese, iron, zinc, lead, and copper remain behind ; they may 
be weighed directly. After weighing, add a fresh quantity of 
sulphur to the residue, ignite as before, and weigh again ; repeat 
ns operation ifhtil the weight remains constant. Usually, if the 
compound was intimately mixed with the sulphur, the conversion 
2, arseniate into sulphide is complete after the first ignition. 
Results veiy good. 

Iu separating nickel the analyst will remember that the residue 
Cann °t be weighed directly, since it does not possess a constant 
^ or nposition j hence the ignition in hydrogen may be saved ; 
r seniate of nickel loses all its arsenic on being simply mixed with 

* Pogg. Annal. 73, 582: 74, 578; 112, 173. 

. t Journ. f. prakt. Chew. 104, 138. 

Quant, vol, i. 
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sulphur and heated. The beat should he moderate and continued 
till no more red sulphide of arsenic is visible on the inside of the 
porcelain crucible. It is advisable to reppat the operation. The 
separation of arsenic* from cobalt cannot be completely effected in 
this manner even by repeated treatment with sulphur, but it can 
be effected by oxidizing the residue with nitric acid, evaporating 
to dryness, mixing with sulphur, and reigniting. Srnaltine and 
cobaltine must be treated in the same manner (H. Hose*). I 
should not forget to mention that Ebelmen,! a long while ago, 
noticed the separation of arsenic acid from sesquioxide of iron by 
ignition in a stream of sulphuretted hydrogen. 

10. Method based upon the Separation Arsenic as Arseniate 

of Suboxide of Mercury. 

Arsenic Acid from the Alkalies, Alkaline Earths, 
Oxide of Zinc, Protoxide of Cobalt, Protoxide of Nickel, 
Oxide of Lead, Oxide of Copper, Oxide of Cadmium. 

Proceed exactly as in the separation of phosphoric acid by 181 
mercury (§ 134, by). The arsenic acid cannot bo determined in 
the insoluble residue in the way in which the phosphoric acid is 
determined. If it is desired to estimate it directly, one of the 
methods given in this § must be used to separate it from the sub- 
oxide of mercury. Treat the iiltrate as directed § 135, k, a (II. 
Rose.) * 

11. Method based upon the Separation of Arsenic as Arseniate of 

Magnesia and Ammonia. 

Arsenic Acid from Oxide of Copper, Oxide of Cadmium, 
Sesquioxide of Iron, Protoxide of Manga: e ,e, Protoxide of 
Nickel, Protoxide of Cobalt, Alumina. 

Mix the hydrochloric acid solution, which must contain the 185 
whole of the arsenic in the form of arsenic acid, with enough 
tartaric acid to prevent precipitation by ammonia, precipitate tho 
arsenic acid according to § 127, 2, as arseniate of magnesia and 
ammonia, allow to settle, filter, wash once with a mixture of 3 parts 
water and 1 part ammonia, redissolve in hydrochloric acid, add a 
very minute quantity of tartaric acid, supersaturate again with 
ammonia, add some inpre chloride of magnesium and ammonium, 
allow to deposit, and determine the now pure precipitate according 
to § 127, 2. In the filtrate the bases of Groups IY. and V. may 
be precipitated by sulphide of ammonium ; if alumina is present, 
evaporate the filtrate from the sulphides with addition oi carbonate 
of soda and a little nitrate to dryness, fuse, and estimate tho 
alunlina in the residue. The method is more adapted to the 
separation of rather large than of very small quantities of arsenic 
from the above named oxides, since in the case of small quantities 
the minhte portions of arseniate of magnesia and ammonia that 
remain in solution may exercise a considerable influence on tho 
accuracy of the result. 

* Zoitschr. f. anal. Chem. 1, 413. 

+ Annal. de Cliim. et de Pbys. (3) 25, 98. 
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12. Method based upon the Separation of Arsenic as Arscnio- 

molybd Ammonia. 

Arsenic Acid from all Oxides of Groups, I. — V. 

Separate the arsenic acid as directed in § 127, 2, b; long con- 186 
tinued heating at ioo° is indispensable. The determination of the 
bases is most conveniently effected in a special portion. 

13. Method based upon the Insolubility of Arseniate of Scsqui- 

oxide of Iron. 

Arsenic Acid from the Bases of Groups I. and II., and 
from Oxide of Zinc, and the Protoxides of Manganese, 
Nickel, and Cobalt. 

Mix the hydrochloric solution with a sufficient quantity of pure 187 
sesquichloride of iron, neutralize the greater part of the free acid 
with carbonate of soda, and precipitate the iron and arsenic acid 
together with carbonate of baryta in the cold or with acetate 
of soda at a boiling heat. The precipitate should bo so basic as to- 
Lave a brownish-red color. The method is especially suitable for 
the separation of arsenic acid when its estimation is not required. 
However the precipitate may be dissolved in hydrochloric acid 
and the arsenic estimated by precipitation with sulphuretted 
hydrogen. , 

14. Methods based upon the Insolubility of some Chlorides. 

a. Silver from Gold. 

Treat the alloy with cold dilute nitrohydrochloric acid, dilute, 188 
and filter the solution of the terchloride of gold from the undis- 
solved chloride of silver. This method is applicable only if the 
alloy contains less than 15 percent, of silver; for if it contains a 
larger proportion, the chloride of silver which forms protects the 
undecomposed part from the action of the acid. In the same way 
silver may be separated also from platinum. 

b. Oxide of Mercury from the Oxygen Compounds of 
Arsenic and Antimony. 

Precipitate the mercury from the hydrochloric solution by means 189 

phosphorous acid as subchloride (§ 118, 2). The tartaric acid, 

^luch in the presence of antimony must be added, does not inter- 
fere with the reaction (H. Bose*), 

15* Methods based upon the Insolubility of certain Sulphates 
in Water or Spirit of Wine. 

a • Arsenic Acid from Baryta, Strontia, Lime, and Oxide 
of Lead. 

Proceed as for the separation of phosphoric acid from the 190 
same oxides (§ 135, b). The compounds of these bases with 
perilous acid are first converted into nrseniates, before the sul- 
h vS> 1C i. aC ^ ^ added ; this conversion is effected by heating the 
womi ° r ^ C aC ^ so ^ u ^ on with chlorate of potassa or by means of 


Pogg. Anna!, no, 53^* 
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b. Antimony from Lead. 

Treat the alloy with a mixture of nitric and tartaric acids lqi 
The solution of both metals takes placo Vapidly and with ease * 

Precipitate the greater part of the lead a.s sulphate (§ n6, 3) 
filter, precipitate with sulphuretted hydrogen, and treat the 
sulphides according to 168 » with sulphide of ammonium, in order 
to separate the antimony from the lead left unprecipitated by the 
sulphuric acid (A. Streng*). 


16. Method based upon the Separation of Copper asSubsuIpho- 
cyanide or Subiodide. 

CorrER from Arsenic and Antimony. 

From the properly prepared solution precipitate the copper by 192 
§ 1 1 9, 3, as subsulphocyanide, allow to settle, filter, wash with 
water containing nitrate of ammonia (to prevent the washings 
being muddy), and estimate antimony and arsenic in the filtrate, 
precipitating first with sulphuretted hydrogen. Results good. 
The following method, which depends on precipitating the copper 
as subiodide, is not so good : Dissolve in nitric or sulphuric acid, 
taking care to add the acid only slightly in excess, dilute (in presence 
of antimony, with water containing tartaric acid) and precipitate 
the copper with sulphurous acid and iodide of potassium. Arsenic 
and antimony remain in solution (Flajolot). ''Results approximate, 
since a little Subiodide of copper remains in solution by the agency 
of the excess of sulphurous acid. Reduction of the copper by 
protochloride of tin, as FleischerI* recommends, is impracticable in 
this case, as the separation of tin from arsenic and antimony would 
be too difficult. 


17. Method based upon the Separation of Copper as Oxalate. 

Copper from Arsenic. 

Add to the nitric acid solution ammonia until the blue prcci- 193 
pitate formed remains undissolved, then effect solution by an 
excess of oxalate of ammonia. Add, cautiously, hydrochloric or 
nitric acid to acid reaction, and allow the mixture to stand. The 
copper separates almost completely as oxalate, which is then, 
converted by ignition in the air into oxide. Add ammonia to 
the filtrate, and pre<jjpitate with a few drops of sulphide of 
ammonium the minute trace of copper still retained in solution 
(F. Fields). 

18. Method, based upon the different Deportment with Cyanide 

of Potassium. 

Gold from Lead and Bismuth. 

These metals may be separated in solution by cyanide of potns- 194 
flium in the same way in which the separation of mercury from lead 
and bismuth is effected (see 147 ). The solution of the double 
cyanide of gold and potassium is decomposed by boiling with aqua 
regia, and, after expulsion of the hydrocyanic acid, the gold 
determined by one of the methods given in § 123. 


* DiDg. polyt. Journ. 151, 389. 

t Zcitscbr. f. anal. Chem. 9, 256. $ Chem. Gaz. 1857, 3 * 3 ’ 
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II. Separation of the Oxides of the Sixth Group from 
’each other. 

§ 165. 

Index :— The Nos. refer to those in the margin. 

Platinum from gold, 195, 214, 215. 

,, tin, antimony, and arsenic, 196. 

Gold from platinum, 195. 214, 215. 

,, tin, 196, 213. 

,, antimony and arsenic, 196. • 

3in from platinum, 196. 

„ gold, 175, 196, 213. 

„ arsenic, 199, -206, 207, 208, 21 1, 212, 216, 217. 

„ antimony, 197, 201, 208, 209, 210, 212, 216. 

Protoxide of tin from the binoxide, 221. 

Antimony from platinum and gold, 196. 

,, arsenic, 200, 201, 202, 203, 204, 206, 207. 

,, tin, 197, 2or, 208, 209, 2io, 212, 216. 

Teroxide of antimony from antimonic acid, 220 
Arsenic from platinum and gold, 196. 

n tin. 199, 206, 207, 208, 21 1, 212, 216, 217. 

„ antimony, 200, 201, 202, 203, 204. 206, 207, 218. 

Arsenious acid from arsenic acid, 198, 205, 219. 

1. Method based upon the Precipitation of Platinum as Potassio- 

bichloride of Platinum . 

Platinum from Gold. 

Precipitate from the solution of the chlorides the platinum as 195 
directed § 124, 6, and determine the gold in the filtrate as directed 
§ 123, b. 

2. Methods based upon the Volatility of the Chlorides of the 

inferior Metals. 

a . Platinum and Gold from Tin, Antimony, and Arsenic. 

Heat the finely divided alloy or the sulphides in a stream of 196 
chlorine gas. Gold and platinum are left, the chlorides of the other 
metals volatilize (compare 160)- 

Antimony from Tin. 

Ihe tin should be present wholly as protochloride or protoxide. 197 
Precipitate with sulphuretted hydrogen, filter (preferably through 
an asbestos filtering tube), dry the precipitate, and pass through it 
ft current of dry hydrochloric gas at the ordinary temperature. 

He sulphides ^re converted into the corresponding chlorides : the 
e 1 oride of antimony alone escapes, and may be received in water, 
issolve the residual protochloride of tin in water containing 
'Vurocliloric acid, and estimate the tin according to § 126 ((J. 
00KEY*). The method can only bo used in rare cases, as it is 
1 icult to obtain a precipitate quite free from bisulphide of tin. 

c * A r senious Acid from Arsenic Acid. 

M amount of substance taken should not contain more than 198 
arsenious acid. Heat with 45 grin, chloride of sodium, 

* Journ. Cliem. Soc. 15, 462. 
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135 grm. sulphuric acid (free from arsenic) of i*6i sp. gr., and 
30 grm. water in a tubulated retort containing a spiral of platinum 
and provided with a thermometer. The temperature should rise 
to about 1 2 5 0 . Determine the arsenic in the distillate according to 
§ 127, 4, a, in the residue according to § 127, 4, b. The sulphide 
obtained from the former corresponds to the arsenious acid, front 
the latter to the arsenic acid. Results satisfactory (Rieckhek*) 

If the substance given is a dilute fluid, render slightly alkaline 
with carbonate of soda, and concentrate to about 20 c.e., finally in 
a tubulated retort, I can recommend the apparatus fig. 78, 
p. t 79. At the exit of the U-tube it is well to attach a tube with 
a bulb (a chloride of calcium tube) containing fragments of glass, 
moistened with weak soda solution, to prevent all chance of 
chloride of arsenic escaping ; in the receivers water is placed. 

At the end of the operation rinse the chloride of calcium tube, and 
mix with the Contents of the receiver. 

3. Methods based upon the Volatility of Arsenic and Tersulphide 
of Arsenic. 

a. Arsenic from Tin (II. Rose). 

Convert into sulphides or oxides, dry at ioo°, and heat a weighed 199 
portion with addition of a little sulphur in a bulb-tube, gently at 
first, but gradually more strongly, conducting a stream of dry 
sulphuretted hydrogen gas through the tube cluring the operation. 
Sulphur and Sulphide of arsenic volatilize, sulphide of tin is left. 

The sulphide of arsenic is received in TJ -tubes containing dilute 
ammonia, which are connected with the bulb-tube in the manner 
described in 160 - When upon continued application of heat no 
sign of further sublimation is observed in the colder part of the 
bulb-tube, drive off the sublimate which has collected in the bulb, 
allow the tube to cool, and then cut it off above the coating. 
Divide the separated portion of the tube into pieces, and heat 
these with a little solution of soda until the sublimate is dissolved ; 
unite the solution with the ammoniacal fluid in the receivers, add 
hydrochloric acid, then, without filtering, chlorate of potassa, and 
heat gently until the sulphide of arsenic is completely dissolved. 
Filter from the sulphur, and determine the arsenic acid as directed • 

§ 127, 2. The quantity of tin cannot be calculated at once from 
the blackish-brown sulphide of tin in the bulb, since this contains 
more sulphur than SnS. It is therefore weighed, and the tin de- 
termined in a weighed portion of it, by converting it into binoxide, 
which is effected by moistening with nitric acid, and roasting 
(§ 126, 1, c). < • 

Tin and arsenic in alloys are more conveniently converted into 
oxides by cautious treatment with nitric acid. If, however, it is 
wished to convert them into sulphides, this may readily be effected 
by heating jc, part of the finely divided alloy with 5 parts of car- 
bonate of soda and 5 parts of sulphur, in a covered porcelain 
crucible until the mass is in a state of calm fusion. It is then 
dissolved in water, the solution filtered from the sulphide of iron. 

<fcc., which may possibly have formed, and then precipitated wit" 
hydrochloric acid. 


* Tliarm. Centralhalle, n, 92. 
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If the tin only in tlio alloy is to bo estimated directly, while 
the arsenic is to be found from the difference, convert ns above 
directed into sulphides or Oxides, mix with sulphur and ignite in 
a porcelain crucible with perforated cover in \ stream of sul- 
phuretted hydrogen. . The residual arsenic-free protosulphide of 
tin is to be converted into binoxido and weighed as such. 

b. Arsenic from Antimony in Alloys. 

Heat a weighed portion of the finely divided alloy with 2 parts 200 
of carbonate of soda and 2 parts of cyanide of potassium in a bulb- 
tube, through which dry carbonic acid is transmitted ; apply a 
gentle heat at first, but increase this gradually to a high degree 
of intensity, and continue heating until no more arsenic volatilizes. 

(Take care not to inhale the escaping fumes ; the safest way is to 
insert the hind part of the bulb-tube into a fiask, in which the 
arsenic will condense.) Allow the bulb-tube to cool ; after cool- 
ing, treat the contents, first with a mixture of equal parts of spirit 
of wine and water, then with water, and weigh the residuary 
antimony. The quantity of tho arsenic is found from the loss. 

This method gives only approximate results. If it is desired to 
fuse tho alloy per se (not under a slag) in a stream of carbonic 
acid, the heat must be applied with great caution, otherwise 
antimony will volatilize tb a large extent. II. Rose recommends 
the latter process. 

4. Methods based upon the insolubility of Anthnoniate of Soda, 
a. Antimony from Tin and Arsenic (11. Rose). 

If the substance is metallic, oxidize the finely divided weighed 201 
sample, in a porcelain crucible, with nitric acid of 1-4 sp. gr., 
adding the acid gradually. Dry tho mass on the water-bath, 
transfer to a silver crucible, rinsing the last particles adhering to 
the porcelain into the silver crucible with solution of soda, dry 
again, add eight times the bulk of the mass of solid hydrate of 
suda, and fuse for some time. Allow the mass to cool, and then 
treat with hot water until the un dissolved residue presents the 
appearance of a fine powder ; dilute with some water, and add 
one-third tho volume of alcohol of *83 sp. gr. Allow the mixture 
to stand for 24 hours, with frequent stirring ; tken filter, transfer 
the last adhering particles from the crucible to the filter by 
finsing with dilute spirit of wine (i vol. alcohol to 3 vol. water), 
and wash the undissolved residue on the filter, first with spirit of 
u * ne containing 1 vol. alcohol to 2 vol. water, then with a, mixture 

ec pml volumes of alcohol and water, and finally with a mixture 
f 3 vol. alcohol and 1 vol. water. Add to each of the alcoholic 
J uids used for washing a few drops of solution of carbonate of soda. 

ontinuo tho washing until tho color of a portion of the fluid 
1 aiming off remains unaltered upon being acidified with hydro- 
c 1 °ric acid and mixed with sulphuretted hydrogen water. 

. p’inse the antimoniate of soda from the filter, wash the latter 
mixture of hydrochloric and tartaric acids, dissolve tho anti- 
moniate in this mixture, precipitato with sulphuretted hydrogen, 
aiul ^ermine the antimony as directed § 125, 1. In presence of 
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much tin it is well to fuse the antimoniate of soda n^dn w ftv 
caustic soda, A*e. 

To the liltrate, which contains the# tin and arsenic add 
hydrochloric acid, which produces a precipitate of arseniate of 
binoxide of tin ; conduct now into the unliltered fluid sulphu- 
retted hydrogen for some time, allow the mixture to stand at rest 
until the odor of that gas has almost completely gone of}', ai d 
separate the weighed sulphides of the metals which contain free 
sulphur, as in 199 * 

If the substance contains only antimony and arsenic , the alcoholic 
filtrate is heated, with repeated addition of water, until it scarcely 
retains the odor of alcohol ; hydrochloric acid is then added, and 
the arsenic acid determined as arseniate of magnesia and ammonia 
(§ 127, 2) or as sulphide of arsenic (§ 127, 4, b). 

b. Small quantities of the sulphides of arsenic and antimony 202 
mixed with sulphur are often obtained in mineral analysis. The 
two metals may in this case he conveniently separated as follows : — 
exhaust the precipitate with bisulphide of carbon, oxidize with 
chlorine-free red fuming nitric acid, evaporate the solution nearly 

to dryness ; mix the residue with a copious excess of carbonate of 
soda, add some nitrate of soda, and treat the fused mass as given 
in a ( 201 )- If, on the other hand, you ha^’e a mixture of sul- 
phides of tin and antimony to analyse, oxidize it with nitric acid 
of 1*5 sp. gv* and treat the residue obtained on evaporation as 
given in a (201). 

c. Determination of the Sulphide of Arsenic contained 
in the commercial Sulphide of Antimony (Wackenroder). 

Deflagrate 20 grm. of the finely pulverized sulphide of 203 
antimony with 40 grm. nitrate of soda and 20 grm. carbonate of 
soda, by projecting the mixture gradually into a red-hot Hessian 
crucible; treat the strongly ignited mass repeatedly with water, 
filter the solution, acidify the filtrate with hydrochloric acid, treat 
with sulphurous acid, and precipitate the arsenic with sulphuretted 
hydrogen, Digest the moist precipitate, which contains a small t 
admixture of antimony, with carbonate of ammonia, filter, acidify 
the filtrate, pass sulphuretted hydrogen, and determine the arsenic 
as sulphide as directed^ 127, 4. 

5. Methods based upon the Precipitation of Arsenic as Arseniate 
of Magnesia and Ammonia . 
a. Arsenic from Antimony. 

Oxidize the metals or sulphides with nitrohydrochloric acid, 2 C 4 
with hydrochloric acid and chlorate of potassa, with bromine dis- 
solved in hydrochloric acid, or with chlorine in alkaline solution 
(p. 388, b) ; add tartaric acid, a large quantity of chloride of 
ammonium, and then ammonia in excess. (Should the addition 
of the latter reagent produce a precipitate, this is a proof that an 
insufficient quantity of chloride of ammonium or of tartaric acid 
has been used, which error must be corrected before proceeding 
with the analysis). Then precipitate the arsenic acid as directed 
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§12], 2, and determine the antimony in the filtrate as directed in 
§125, i. As basic tartrate of magnesia might precipitate with 
the arseniate of magnesia and ammonia, the precipitate should 
always, after slight washing, be redissolved in hydrochloric acid, 
and reprecipitated with ammonia with addition of a little magnesia 
mixture.— An excellent method. 


b . Arsenious Acid from Arsenic Acid. 

Mix the sufficiently dilute solution with a large quantity of 205 
chloride of ammonium, precipitate the arsenic acid as directed 
§ 127, 2, and determine the arsenious acid in the filtrate by pre- 
cipitation with sulphuretted hydrogen (§ 127, 4). Ludwig* has 
observed that if the solution is too concentrated, arsenite of mag- 
nesia falls down with the arseniate of magnesia and ammonia, hence 
it is necessary to dissolve the weighed magnesia precipitate in hydro- 
chloric acid and test the solution with sulphuretted hydrogen. The 
presence of arsenious acid will be betrayed by the immediate forma- 
tion of a precipitate. 


c. Binoxide of Tin and Teroxide of Antimony or Anti- 
monic Acid from Arsenic Acid. 

Lenssen+ separated binoxide of tin from arsenic acid with 206 
good results by digesting jbhe oxides obtained by oxidation with 
nitric acid with ammonia and yellow sulphide of ammonium, and 
precipitating the arsenic from the clear solution according to § 127, 

2, as arseniate of magnesia and ammonia. On acidifying the filtrate 
the tin separates as bisulphide. The method can only give good 
results when the whole of the arsenic was present as arsenic acid 
before the addition of sulphide of ammonium, for the arsenic in a 
•solution of arsenious acid in yellow sulphide of ammonium is not 
thrown down by magnesia mixture. The method also answers for 
separating antimony from arsenic. 

6 Method s based on the different Behavior of the freshly Pre- 
cipitated Sulphides towards Solution of Bisulphite of 
Potassa or Ojcalic Acid. 

Arsenic from Antimony and Tin (Bunsen*). 

If freshly precipitated sulphide of arsenic is digested with sul- 207 
phurous acid and sulphite of potassa, the precipitate is dissolved ; 

| m jailing, the fluid becomes turbid from separated sulphur, which 
urbidity for the most part disappears again on long boiling. The 
uul cdD tains, ^fter expulsion of the sulphurous acid, arsenite and 
Lvpasulphite of potassa. |>AsS 8 4- S(KO,2SO,) = 2(K0,As0 3 ) + 

LT A° a ) + S 3 + 7 SO,] The sulphides of antimony and tin do not 
exhibit this reaction. Both therefore may he separated from sul- 
s i U f- ai , sen i c by diluting the solution of the three sulphides in 
j u phule of potassium to about 500 c.c. and precipitating with a 
v l hC excess (about a litre) of saturated aqueous sulphurous acid, 
jesting the whole for some time in a water-bath, and then 
1 till one-third of the water and the whole of the sulphurous 

* Arclhv fiir Pham. 97, 24. + Annal. d. Chem. u. Rharm. 114, n6. 

£ lb. 106, 3. 
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acid are expelled and the sulphur ha.s disappeared ; this will take 
about an hour and a half. The residuary su Iphido of antimony or 
tin is arsenic-free, the filtrate contains the whole of the arsenic 
and may be immediately precipitated with sulphuretted hydrogen. 
Bunsen determines the arsenic by oxidizing the dried sulphide 
together with the filter with fuming nitric acid, diluting the solu- 
tion a little, warming gently with a little chlorate of potassa (in 
order to oxidize more fully the substances formed from the paper), 
and finally precipitating as arseniate of magnesia and ammonia. 

With regard to the separation of sulphide of tin from the solu- 
tion of arsenite of potassa it is to bo observed, that the sulphido 
of tin must bo Washed with concentrated solution of chloride of 
sodium, as, if water were used, the fluid would run through turbid. 

As soon as, the precipitate is thoroughly washed with the chloride 
of sodium, the latter is displaced by solution of acetate of am- 
monia, containing a slight excess of acetic acid. These last 
washings must not be added to the first, as the acetate of am- 
monia hinders the complete precipitation of the arsenious acid by 
sulphuretted hydrogen. 

The test-analyses adduced by Bunsen show very satisfactory 
results. 

b. Tin from Arsenic and Antimony (1J. W. Clarke*). 

Moist freshly precipitated bisulphide of tin completely dis 208 
solves on boiling for a moderate length of time with excess of oxalic 
acid, and therefore tin in the form of bichloride is not thrown 
down by sulphuretted hydrogen from a hot solution containing ex- 
cess of oxalic acid. The sulphides of arsenic are barely affected by 
boiling with oxalic acid, and sulphuretted hydrogen immediately 
reprecipitates the traces dissolved. Sulphide of antimony dis- 
solves more copiously on boiling with oxalic acid, but sulphuretted 
hydrogen reprecipitates the antimony from the solution. 

To the solution of the three metals — the tin being in form of 
binoxide — Clarke recommends to add oxalic acid in quantity 
equal to 20 times the weight of the tin. The solution must be so 
strong that the oxalic acid will crystallize out on cooling. Now # 
keeping the fluid at a boiling heat pass sulphuretted hydrogen for 
20 minutes, allow to stand half an hour in a warm place and 
filter. According to Olarke the whole of the arsenic and anti- 
mony' will be in the precipitate which is free or nearly free from 
tin. To obtain tho latter from the solution, render slightly 
alkaline with ammonia, add sulphide *0 f ammonium gnough to 
redissolve the precipitate first formed, decompose the dissolved 
sulphosalt with excess of acetic acid, allow the precipitate of 
bisulphide of tin to settle in a warm place and determine it accord- 
ing to § 126, 1, c. A stronger acid than acetic which would 
liberate oxalic acid would not answer the purpose. Clarke 
advises, in order to increase the accuracy of the results and get 
the last remainder of tin into solution to redissolve the precipitated 
sulphides of antimony and arsenic in an alkaline sulphide, add 
excess of oxalic acid and boil with sulphuretted hydrogen water. 


* Clicm. News, 21 , 124. 
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From some experiments made in my laboratory by Mr. Phillips, 
it appears that the last operation is absolutely essential, or the 
results will be worthless. The very unfavourable results obtained 
by Gr. C. WiTTSTEiN* may perhaps be due to thfe presence of too 
much free hydrochloric acid in his solution rendering the precipita- 
tion incomplete in the heat and necessitating its being finished in 
the cold. In Mr. Phillips’s experiment the free hydrochloric 
acid was always neutralized as much as possible with potash. 

7. Methods based upon the Separation of the Metals themselves, 
or, as the case may be, on the Different Deportment of the 
same with Acids. 

a . Tin from Antimony (Gay-Lussac, modified). 

Heat a weighed portion of the finely divided alloy (or other 209 
compound) with hydrochloric acid, add chlorate of potash in small 
portions until the mass is dissolved, and then divide the fluid into 
two equal parts, a and b. In a precipitate both metals on a zinc 
rod, rinse them off quickly with hot water containing some hydro- 
chloric acid, wash with spirit, then with ether, dry at ioo° and 
weigh. To b add a rather large quantity of hydrochloric acid, 
introduce a strip of tin, and heat for some time. By this process, 
the antimony is completely thrown down in form of a black powder, 
and the bichloride of tifl reduced to protochloride. Wash the 
antimony off the tin with moderately dilute hydrochloric acid, collect 
upon a weighed filter, wash first with dilute hydrochloric acid, then 
with spirit, finally with ether, dry at ioo° and weigh. The diiier- 
ence gives the quantity of tin. 

Prom the experiments of A. W. Clasen, t precipitated anti- 
mony is very perceptibly soluble in hot and cold hydrochloric 
acid of various strengths, hence loss of antimony is scarcely 
avoidable. 


b. Tin from Antimony (Tookey,J improvements by Clasen 
(loc. dt.) and Attfield§). 

The hydrochloric solution should be oxidized if necessary with 210 
a f§w drops of nitric acid or a little chlorate of potash. Heat 
nearly to boiling and add iron as long as it dissolves. Either 
hoop iron or fine bright wire will answer the purpose, it should 
dissolve in dilute hydrochloric acid, leaving little or no residue. 

Ihe .antimony will be thrown down, the tin reduced to proto- 
chloride. As soon as all antimony appears to be precipitated and 
the iron to bft dissolved, add moro hydrochloric acid, allow to 
deposit, decant and test whether iron produces any further pre- 
cipitate. In this way you will ensure the absence of any metallic 
11 on and the complete precipitation of the antimony. Wash the 
antimony with hot water, which should be at first acidified, then 
'! lth a kohol, finally with ether, drying at ioo°. Throw down the 
tln with sulphuretted hydrogen (§ 127, 1, c). With care the results 
1110 good, compare Clasen (loc. cit.). 


* Viertelj all rssclir. f. prnkt Inarm. 19 , 55** 

+ Journ. f. prakt. Chem. 0? 477 ; Zeitsclir. f. anal, tliem. 4. 44 °- 
t Journ. them. Sue. 15, 462. § Zcitschr. f. anal. them. 9, 107. 
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c. Determination of Arsenic in Metallic Tin (Gay- 
Lussac*). 

Dissolve the laminated or granulatcfit metal in a mixture of 211 
i eq. nitric acid m cl 9 eq. hydrochloric acid, with the aid of a 
gentle heat. The solution ensues without evolution of gas; 
protochloride of tin and chloride of ammonium are formed, the 
arsenic is left in the form of powder. NO a 4 - 9HCI + 8S11 = 
8SnCl + NH 4 Cl+ 5IIO. The nitrohydrochloric acid must, there- 
fore, not be used in a much larger proportion than will give to 
8 eq. metal 1 eq. N0 4 , and 9 eq. 1 IC 1 . 

d. Much Tin from little Antimony and Arsenic. 

If an alloy of the three metals is treated in a very finely 212 
divided condition in a stream of carbonic acid with strong hydro- 
chloric acid, the whole of the tin dissolves to protochloride. A 
part of the arsenic and antimony escapes as arsenetted and anti- 
monetted hydrogen, whilst the rest remains behind in a state of 
metal, or, as the case may be, of a solid combination with 
hydrogen. Conduct the gas through several U-tubes, containing 
a little chlorine-free red fuming nitric acid, whereby the arsenic 
and antimony will be oxidized. When the solution is effected, 
dilute the contents of the flask with air-free water to a certain 
volume, mix, allow to settle and determine rthe tin in an aliquot 
part, either gravimetrically or volumetrically. Filter the rest of 
the fluid, wash the precipitate thoroughly, dry the filter with its 
contents in a porcelain crucible, add the contents of the U-tubes, 
evaporate to dryness, and in the residue separate the antimony 
and arsenic as directed 20L If is well to treat an aliquot part 
of the hydrochloric solution with iron (210) to find, and, if 
necessary, estimate traces of antimony which may have passed into 
the hydrochloric acid solution. 

e. Tin from Gold. 

Gold may be separated from excess of tin by boiling the finely 213 
divided alloy with only slightly diluted sulphuric acid, to which 
hydrochloric acid has been cautiously added. The tin dissolves as 
protochloride. lie it is applied till the sulphuric acid begins to 
volatilize copiously. Binoxide of tin is formed which dissolves in 
the concentrated sulphuric acid, while the gold remains behind., 

On addition of much water, the binoxide of tin falls, mixed with 
finely divided gold, in the form of a purple-red precipitate. On 
warming with concentrated sulphuric acid the binoxide of tin finally 
redissolves, while the gold is left pure (H. RoseJ). 4 

/. Platinum from Gold. 

The aqua regia solution is freed as far as possible from nitric 214 
acid by evaporation with hydrochloric acid, and treated with a 
solution of protocbloride of iron, the gold being determined as 
directed § 123, b. The platinum may be precipitated from the 
filtrate by sulphuretted hydrogen according to § 124, c. 

* Annal. do Cliira. et do Phys. 23, 228; Jahresber. von Ljebio und ho it, i $47 
and 1848, 96S. 

f Prepared by pouring the fused metal into water. + Fogg. Annal. 112, *7 ' 
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8. Method based on the Extraction of Gold In/ Mercury , 
Determination of the Gold in Platinum Ore. 

Treat the mineral for several hours with small quantities of pure 215 
boiling mercury, pouring off before adding a fresh portion, wash 
thoroughly with hot mercury, and distil oft* the whole of the mer- 
cury very cautiously. The gold remains behind (Deville and 
Debray.) The residue should be tested. 


9. Method based upon the Precipitation of some of the Metals 
as Sulphides by Hyposulphite of Soda. 

Arsenic and Antimony from Tin. 

Mix the solution with hydrochloric acid in excess, heat to boil- 216 
in^ and add hyposulphite of soda until the precipitate appears no 
longer orange or yellow, but white, and the fluid looks opalescent, 
owing to the separation of sulphur. Arsenic and antimony are 
completely precipitated, whilst the whole of the tin remains in 
solution (Vohl*). If arsenic alone is present in the precipitate, 
determine it as directed § 127, 4 ; if antimony alone, determine it 
as directed § 125, 1 ; if both metals are present, separate them 
according to 201' or 204. The tin in the filtrate is estimated best 
as directed §1 26, 1, c. LenssenT apparently obtained good results 
by this method. From my own experience I cannot speak very 
favourably of it. As tin is also precipitated by hyposulphite in tho 
absence of free hydrochloric acid, the separation cannot be com- 
plete unless tho hydrochloric acid present, while preventing the 
precipitation of tin, does not interfere with that of the antimony. 


10. Method based upon the Precipitation of Tin as Arseniate of 
the Binoxide. 


Tin from Arsenic. 

E. HaffelyJ has proposed tho following method of determin- 217 
ing both the tin and the arsenic in commercial stannate of soda, 
which often contains a large admixture of arseniate of soda. Mix 
a weighed sample with a known quantity of arseniate of soda in 
excess, add nitric acid also in excess, boil, filter oft the precipitate, 
whifch hgs the composition 2Sn0 o ,As0.+ 10 aq., and wash ; expel 
the water by ignition, and weigh the residue, which consists of 
2 SnO ,As fi O. In the filtrate determine the excess of arsenic acid 
as directed § 127, 2. The amount of the binoxide of tin is found 
^om the weight of the precipitate, that of the arsenic acid is 
obtained by adding the quantity in the precipitate to the quantity 
111 the filtrate, and deducting the quantity added. 

n. Method based on the separation of Arsenic and Antimony 
from their Hydrogen Compounds. 

Arsenic fro^ Antimony when combined with Hvdroolx. 

Tass the gas through neutral nitrate of silver. The antirno- 218 
betted hydrogen gives antimonide of silver, while the aisenic 

* Anna! d. Chem. u. Pharm. 96, 240. * 1 * 

% Phil. Mag. 10, 22a 
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passes into solution as arsenious acid with reduction of silver 
This method has been proposed by A. W. Hofmann* for the 
qualitative detection of arsenic and antimony. It may be also 
used as a means of quantitative separation when the metals are 
present in the form of hydrogen compounds. Filter off the pre- 
cipitate of silver and antimonide of silver and wash it. To the 
solution add slight excess of hydrochloric acid, filter off the 
chloride of silver and precipitate with sulphuretted hydrogen. The 
precipitate contains the arsenic as sulphide, and always a minute 
quantity of sulphide of antimony ; the two are to be separated 
according to 202 or 207 * The precipitate of silver and antimo- 
nide of silver is heated with tartaric acid and a very small 
quantity of nitric acid/ and the antimony is estimated according to 

§ I 2 5 > , , . . 

All methods of estimating antimony and arsenic in solutions 
on this principle (by treating with zinc and hydrochloric acid 
and passing the gas evolved through silver solution) are untrust- 
worthy, since a part only of the antimony and arsenic escapes us 
gas, the remainder staying in the flask in the metallic form. 

12. Volumetric Methods. 

a. Arsenious from Arsenic Acid. 

Convert the whole of the arsenic in a portion of the substance 219 
into arsenic acid and determine the total amount of this as directed 
§127, 2; defermine in another portion the arsenious acid as 
directed in §127, 5, a , and calculate the arsenic acid from the 
difference. 

b. Teroxide of Antimony from Antimonic Acid. 

Determine in a sample of the substance the total amount of the 220 
antimony as directed § 125, i ? in another portion estimate the ter- 
oxide as directed § 125, 3, and calculate the antimonic acid from 
the difference. 

c. Protoxide of Tin in presence of Binoxide. 

In one portion of the substance convert the whole of the prot- ^1 
oxide into binoxide by digestion with chlorine water or some other 
means, and determine the total quantity of tin as directed § 126,1 ,b; 
in another portion, whifh, if necessary, is to be dissolved in hydro-* 
chloric acid in a stream of carbonic acid, determine the protoxide 
according to § 126, 2. 

II. SEPARATION OF THE ACIDS FROM EACH OffHER. 

It must not be forgotten that the following methods of separa- 
tion proceed generally upon the assumption that the acids exist 
either in the free state, or in combination with alkaline bases ; com- 
pare the introductory remarks, p. 406. Where several acids are to 
he determined in one and the same substance, we very often use 
a separate portion for each. The methods here given do not em- 
brace every imaginable case, but only the most important cases, 
and those of most frequent occurrence. 

* Annal. d. Chem. u. Pharm. 115, 287. 



ACIDS OF GROUP i. 


§ ICC.] 


4!Jo 


FIRST CROUP. 

ARSENIOUS ACID — ARSENIC AC#)— CHROMIC ACTD — SULPIIURIC ACID — 

rHosrnoRic acid — boracic acid- oxalic acid--* -hydrofluoric 

ACID— SILICIC ACID— CARBONIC ACID. 

§ 1 66. 

i. Arsenious Acid and Arsenic Acid from all other Acids. 

Precipitate the arsenic from the solution by sulphuretted 222 
hydrogen (§ 127, 4, a or b), filter, and determine the other acids 
jii the filtrate. It must he remembered, that the tersulphide of 
arsenic will be obtained mixed with sulphur if chromic acid, sesqui- 
oxide of iron, or any other substances which decompose sulphuretted 
hydrogen are present. The estimation of sulphuric acid in the 
iiitrate cannot be accurate unless air is excluded, and oxidizers 
such as chromic acid are absent ; sulphuric acid is, therefore, best 
estimated in a separate portion (223)- From those acids which 
form soluble salts with magnesia, arsenic acid may be separated 
also by precipitation as arseniate of magnesia and ammonia 
(§i=7,=)- 

2. Sulphuric Acid from all the other Acids* 

a. From Arsenious , Arsenic, Phosphoric , t Boracic , Oxalic , and 
Carbonic Acids. ■ 

Acidify tlie dilute solution strongly with hydrochloric acid, 223 
mix with chloride of barium, and filter the sulphate of baryta from 
the solution, which contains all the other acids. Determine the 
sulphate of baryta as directed § 132. If acids are present with 
which baryta forms salts insoluble in water hut soluble in acids, 
the sulphate of baryta is apt to carry down with it such salts, and 
this is all the more liable to happen, the longer the precipitate is 
allowed to settle. This remark applies especially to the oxalate 
ami tartrate of baryta and the baryta salts of other organic acids 
(H. Rose). In such cases I would recommend, after washing, to 
sto P up the neck of the funnel, and digest the precipitate with a 
solution of bicarbonate of soda, then to wash with water, with 
dilute hydrochloric acid, and again with water. In every case, 
however, the purity of the weighed sulphate of baryta must be 
tested as directed § 132, 1. 

In the fluids filtered from the sulphate of baryta the other acids 
a l e determined according to the directions of the Fourth Section, 

•> ter the removal of the excess of chloride of barium. Or the 
0 . . a cids may be estimated in separate portions of the substance, 
u ' llc ^ is indeed usually the best way, and for carbonic acid is of 
C0llrse the only way. 

k Hydrofluoric Acid. 

a * When sulphuric acid and hydrofluoric acid are present in the 224 

respect to the separation of sulphuric acid fiom selenic acid, comp. 

°t tT ILL (A nna l d. Chem. u. Pharin. 114, 183). n . 

pliorin 1 m , eta Phosphoric acid is present, it must first be converted into orthophos- 
° ^ fusion with alkaline carbonate. 
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free state in aqueous solution, it is best to estimate the acidity in 
one portion by means of standard soda (§ 215), and the sulphuric 
acid in another (§ 132, I., 1), finding t\)o hydrofluoric acid by 
difference. The sulphate of baryta should be purified by fusion 
with carbonate of soda (p. 299). 

(i. To estimate both acids in minerals or other dry substances, 225 
it is safest, provided the fluoride can bo decomposed by sulphuric 
acid, to determine the fluorine in one portion according to 
§ 138, 3, a, and to fuse another portion for a long time with four 
times its amount of carbonate of soda, which will decompose the 
sulphate thoroughly, the fluoride generally but partially. The 
fused mass is soaked in water, the solution filtered, acidified with 
hydrochloric acid and precipitated with chloride of barium. The 
sulphate of baryta thus obtained generally contains fluoride of 
barium and must be purified according to p. 299 by fusion with 
carbonade of soda, tire. 

y. An actual separation of both acids may bo effected, when 226 
both are in the form of alkaline salts, by adding carbonate of soda 
if necessary, and then precipitating the fluorine according to 
§ 138, I., adding the chloride of calcium cautiously in very slight 
excess. The sulphuric acid is for the most part found in the 
filtrate from the carbonate of lime and fluoride of calcium, a very 
small part is generally also found in the acetate of lime filtered 
from the fluoride of calcium. Both filtrates &re acidified and pre- 
cipitated with chloride of barium (§ 132, I., 1. H. Bose). 

8 . Insoluble compounds may also be decomposed by fusion with 227 
six parts of carbonate of soda and potash, and two parts of silica. 

The fused mass, after cooling, is treated with water, the solution is 
mixed with carbonate of ammonia, and heated, more carbonate of 
ammonia is added to replace what evaporates, the silicic acid 
thrown down is filtered off and washed with water containing car- 
bonate of ammonia, a solution of oxide of zinc in ammonia is added 
to precipitate the remaining silica, the fluid is evaporated till all 
ammonia is driven off, filtered and the process concluded as in y. 

The precipitate produced by the zinc should be tested fer sulphuric 
acid. 


c. From Chromic Acid. 

Boil the dry compound with strong hydrochloric acid (p. 292, 0) 228 
and estimate the chromic acid from the evolved chlorine. Neu- 
tralize some of the acid with ammonia, dilute and precipitate the 
sulphuric acid by long boiling with excess of chloride of barium. 

The sulphate of baryta thus obtained retains sesquioxid^ of chro- 
mium (H. Rose) and must always be fused with carbonate of soda, 

Ac. (p. 299). 

d. From llydrojluosilicic Acid . 

First throw down the hydrofluosilicic acid according to § i33> 22 J 
as silicofiuoride of potassium, then the sulphuric acid in the filtrate 
with chloride of barium. 

e. From Silicic Acid, 

Compare 242 * 
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3. PiiosriioRic Acid from the other Acids. 

a. From the acids of arsenic, .see 222; from sulphuric acid , see 230 
223; from silicic acid, see 242- 

h. From Chromic Acid. 

Precipitate the phosphoric acid by addin" nitrate of ammonia 
and ammonia and then nitrate of magnesia, and determine the 
chromic acid in the filtrate as directed § 130, I., a, & or I., b. 

c. From JJoracic Acid. 

Precipitate the phosphoric acid with a solution of double chlo- 231 
ride of magnesium and ammonium (§ 134, b, a), wash the precipi- 
tate partially, redissolve it in hydrochloric acid, reprecipitate with 
ammonia adding a little chloride of magnesium and ammonium, 
and estimate the phosphoric acid as pyrophosphate of magnesia. 

In the filtrate estimate the boracic acid as borate of magnesia 

(§ 136. 1-. J, 2). 

d. From Oxalic Acid, 

a. If the two acids are to be determined in one portion, the 232 
aqueous or hydrochloric solution is mixed with sodio-terehloride 
of gold in excess, heat applied, and the oxalic acid calculated from 
the reduced gold (§ 137, e). The gold added in excess is separated 
from the filtrate by sulphuretted hydrogen, and the phosphoric 
acid then precipitated by double chloride of magnesium and am- 
monium. j 

0. If there is enough of the substance, the oxalic acid is de-233 
termined in one portion according to § 137, h, or d, and the phos- 
phoric acid in another portion. If the substance is soluble in water, 
and the quantity of oxalic acid inconsiderable, the phosphoric acid 
may be precipitated at once with chloride of magnesium, chloride of 
ammonium and ammonia : if not, the substance is ignited with car- 
bonate of potash and soda, and the oxalic acid being thus destroyed,, 
the phosphoric acid is determined in the nitric acid solution of the- 
residue according to § 134, I., b, /3, 

e. From Hydrofluoric Acid . 

a. Phosphates and fluorides are frequently found together in 234 
minerals. In the analysis of phosphorites for instance, we have to 
estimate small quantities of fluorine, often too in the presence of 
j<rses such as alumina and sesquioxide of iron which increase the 
( lf nculty. According to my own experience* it always safest in 
such cases to estimate in one portion the fluorine as fluoride of 
S lcon (§ II., 3, a), and in another portion the phosphoric acid. 

yarding the first estimation it must be mentioned that carbonic 
acid if present%nust first be removed. To this end heat the finely 
powdered weighed substance with water, add acetic acid in slight 
exc ^ ss > an d also, if the fluoride present is soluble in water, some 
ace ate of lime ; evaporate to dryness on a water bath, treat with 
wash the insoluble matter, dry, separate as far as 
j^We f r°m the filter, add the filter ash, weigh, test a small 
w i° n * or car bonic acid by heating with hydrochloric acid, and 
th ^ the fluorine estimation. For the estimation of 

e phosphoric acid, dissolve the finely powdered substanco in 

. * Zeitschr. f. anal Chera. 5, 190, and 6, 403. 

Want. vol. i. e c 
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hydrochloric acid, evaporate to dryness on a water hath, moisten 
with a little hydrochloric acid, add nitric acid, warm, dilute, tiller, 
evaporate filtrate and washings to dryness, dissolve in nitric acid 
and proceed according to § 134 , T., b, (3. 

(3. Where you have an- alkaline phosphate and an alkaline 235 
fluoride together in aqueous solution, the phosphoric acid may he 
separated according to § 135 , II., d, [3, as phosphate of silver, or 
according to § 135 , II., k, as phosphate of suboxide of mercury. 

The fluoride will he all in the filtrate. If the former method is 
adopted the silver is removed from the filtrate by chloride of 
sodium, and the fluorine estimated as calcium salt (§ 138 , I.). If 
the latter method is adopted, as the solution is always acid, the 
use of glass and porcelain must he avoided. The mercury is 
removed from the filtrate by neutralizing with carbonate of soda 
and— without filtering— passing sulphuretted hydrogen. The 
fluorine is estimated in the filtrate as calcium salt, according to 
§ 138, I. (H. Bose). 

y. Substances, which are insoluble in water, and cannot be 236 
decomposed by acids, are fused with carbonate of soda and silica 
(227), the fused mass is treated with water, and the solution with 
carbonate of ammonia. In this way all the fluorine and all, or 
nearly all, the phosphoric acid will be brought into solution. The 
solution is treated as in 235, and any remainder of phosphoric acid 
in the undissolved residue is estimated according to 234- 

3. I 11 compounds which can be decomposed by acids the fluo- 237 
rine may also he occasionally estimated indirectly. Dissolve in 
hydrochloric acid, evaporate with sulphuric acid in slight excess, 
till all hydrofluoric acid has escaped (the heat must not be enough 

to volatilize sulphuric acid, or phosphoric acid might escape), and 
in the residue estimate on one hand the phosphoric acid, on 
the other the oxides. If now we know the proportion between 
tho phosphoric acid and the bases in the substance, the escaped 
fluorine may bo calculated from the excess of bases. Of course 
it is assumed that other acids are absent or estimated in separate 
portions. 

4. Hydrofluoric Acid from other Acids. 0 

a. Fluorides from Morales. 

Mix the solution containing alkaline borate and fluoride with 238 
some carbonate of soda, and add acetate of lime in excess. A 
precipitate is formed, which contains the whole of the fluorine as 
fluoride of calcium, and besides this, carbonate and sorrte borate of 
lime ; the greater portion of the latter having been redissolved by 
the excess, qf the lime salt added. Determine the fluoride of 
calcium in ©precipitate as directed § 138 , I. The small quantity 
of boracio acid in the precipitate is, in this process, partly volati- 
lized, palely dissolved after evaporating the mass with acetic acid 
and extracting with water. It is therefore necessary to determine * 
the boracic acid in a separate portion of the substance, according to 
§ 136, 1 ., 2 (A, ^tromeyer).* 


# Annal. d. Chcm. u. ITiarra. 100, 91. 
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b. Fluorides from Silicic Acid and Silicates. 

A great many native silicates contain fli.mi.1os : cnro must 
therefore, always bo akou? ... the analysis of minerals, not to 
overlook the latter. It the s.heates containing.tluor.Me are de- 
composable. by aenls-wlnch w only rarely the case-a.nl the silieie 
acul is separated in the usual way by evaporation, the whole of the 
fluorine may volatilize. 

« Berzelius's method. Fuse the elutriated substance with 239 
4 parts of carbonate of soda for some time at a strong red heat 
digest the mass in water, boil, filter, and wash, first with boiliim 
water, then with carbonate of ammonia. The filtrate contains all 
the fluorine as fluoride of sodium, and, besides this, carbonate 
silicate, and almuniate of soda.. Mix the filtrate with carbonate 
of ammonia and heat the mixture, replacing the carbonate of 
ammonia, which evaporates. Filter off the precipitate of hydrate 
of silicic acid and hydrate of alumina, and wash with carbonate of 
ammonia. To separate the last portions of silica from the filtrate 
add a solution of oxide of zinc in ammonia, evaporate till no more 
ammonia escapes, and filter off the precipitate of silicate and oxide 
of zinc. _ Determine the silicate in this precipitate by dissolving in 
nitric acid, evaporating to dryness, taking up with nitric acid, and 
filtering off the undissolved silica. In the alkaline filtrate estimate 
tho fluorine as calcium sal$ (§ 138, I.). The residue, insoluble in 
water, and the precipitate produced by carbonate of ammonia aro 
finally treated with hydrochloric acid according to § 140, II., a, in 
order to the separation of the silica. 

ft’ 1 11 substances readily decomposed by sulphuric acid you 240 
snay also separate and weigh the silica according to 239 in one 
poition, and determine the fluorine in another portion according 
Hi3MI,3,a V( 

c. h lnorid.es y Silicates and Phosphates together. 

Compounds of this kind are rfot raro in Nature, and may bo 241 
recomposed according to 239- We cannot always rely on com- 
[• C e . recomposition of the phosphate, as for instance. phosphate of 
ijne is but partially decomposed on fusion with carbonate of soda. 

* u^ipu, obtained after separation of the silica by carbonate 
a monia and the zinc solution, is made up to a definite volume, 

( a portion is tested for phosphoric acid with molybdic solution, 
i l 10 ? 6 ls present' tho fluorine is estimated in the measured re- 
otl In °^^ ie as fluoride of calcium (§ 138, I.). If on tho 
hand phosphoric amd is still present, treat -the measured re- 
ar j ( i n ^ er °* the fluid according to 235- In the original residue 
am f° car k°nate °I ammonia precipitate estimate the principal 
2 i n ^ Un ^ s ,°^ silicic and phosphoric acids and the bases. In the 
the°nf eC1 ^^ a ^ e es ^ rna t e Clio remainder of the silicic acid, and in 
acid 1 \ ^ ^ rom ^ a ^ er estimate the portion of the phosphoric 
which was thrown down by oxide of zinc, 
to jnJU/ ae P^ os pfl° r ^ c acid is so divided by this method, it is well 
stanc 6 a di r ect es ^niation of it in another portion of the sub- 
p llr e> specially when only a small quantity is present. For this 
Cecom l )0se ^he silicate witji hydrofluoric and hydrocliloric 
'P* .35 1 ), add enough hut not too large an excess of sul- 
acu ‘, and evaporate till all the fluorine lias escaped as fluo- 
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ride of silicon and hydrofluoric acid. Bo not increase the heat 
to the escape of sulphuric acid or phosphoric acid may bo lost. 
Take up the residue with nitric acid, dilute, Alter and estimate the 
phosphoric acid in the filtrate by the molybdic method (p. 307). 

If the substance can be easily decomposed with sulphuric acid, 
the fluorine may of course also be expelled its fluoride of silicon 
and estimated according to § 138, II., 3, a. 

5. Silicic Acid from all other Acids. 

a. In compounds which arc decomposed by hydrochloric acid. 

Decompose the substance by digestion with hydrochloric or 213 
nitric acid, evaporate the whole on the water bath to dryness (§ 140, 

II., a), treat with water, hydrochloric acid or nitric acid according 
to circumstances, filter oil the silica, and estimate the other acids 
in the filtrate. The following points require attention. 

a. In the presence of borates or fluorides this method cannot, 
be used, employ 243- 

0. In the presence of phosphoric acid the silica always retains 
a small portion, which cannot be extracted by washing with acidi- 
fied water (H. Rose, W. Skey*). After washing the silica with 
water, treat it repeatedly with ammonia, which will leave only a 
very minute quantity of the phosphoric acid. Evaporate the 
ammoniacal fluid, finally adding a little hydrochloric acid, dissolve 
in water with addition of a little nitric acid, filter off the small 
amount of silica which was taken up by the ammonia* and estimate 
the remainder of the phosphoric acid in the filtrate. 

b. In compounds which are not decomposed by hydrochloric acid. 

Fuse with carbonate of potash and soda (p. 348), and treat the 243 

residue either at once cautiously with dilute hydrochloric or nitric 
ttcid, in order to proceed with tho solution according to 242 (not 
applicable in presence of boracic acid or fluorine) ; or taking the 
fluid obtained by boiling the residue with water, precipitate the 
dissolved silica by warming with carbonate of ammonia, and throw 
down the last portion of silica from tho filtrate by oxide of zinc 
dissolved in ammonia (239)* 

The silicic acid is then found partly in the residue left undis* 
solved by water, partly in the precipitate produced by carbonate of 
ammonia and partly ,iii tho precipitate produced by the zinc solu- 
tion. Separate it according to § 140, II., a . Boracic acid and 
fluorine will be found entirely in the last alkaline filtrate (239)* 
Regarding phosphoric acid see 241* Sulphuric acid passes for the 
most part into the last alkaline filtrate, yet it is well also to examine 
the acid filtrates from the silica. 


6 . Carbonic Acid from all other Acids. 

When carbonates are heated with stronger acids, the carbonic 244 
acid is expelled ; the presence of carbonates, therefore, does not 
interfere with the estimation of most other acids. And tvs, on tflp 
other hand, the carbonic acid is determined by the loss of weight 
or by combination of the expelled gas, the presence of salts or 
non-volatile acids does not interfere with the determination of the 


* Zcitschr. f. anal. Chem. 8, 70. 



ACIDS OF GROUP II. 


501 


§ Ml 

carbonic acid. Accordingly, with compounds containing carbonates, 
.sulphates, phosphates, Ac., either the carbonic acid is determined 
in one portion, and the otlieii acids in another, or both estimations 
are performed on one portion. In the latter case the process 
described p. 340, e, or p. 343, <7, may be used wit ft advantage, the 
other acids being determined in the solution remaining in the 
decomposing lhisk. In presence of fluorides, one of the weak 
non-volatilo acids, such as tartaric acid or citric acid, must bo 
employed to expel the carbonic acid ; since, were sulphuric or 
hydrochloric acid used, part of the liberated hydrofluoric acid 
would escape with the carbonic acid. If, as will occasionally 
happen in an analysis, a mixed precipitate of fluoride of calcium 
and carbonate of lime is thrown down from a solution, the two 
salts may be separated by evaporating with acetic acid to dryness, 
and extracting the residue with water ; the acetate of lime formed 
from the carbonate is dissolved, the fluorido of calcium is left 
behind. 


SECOND GROUP. 

HYDROCHLORIC ACID — IIYDROBROMIC ACID — IIYDRIODIC ACID- 
IIYDROCYANIC ACID — IIYDROSULPIIURIC ACID, 

I. Separation of tiie Acids of the Second Group from 

THOSE OF THE FlRST. 

§ 167. 

a. All the Acids of the Second Croup from those of the First. 

Mix the dilute solution with nitric acid, add nitrate of silver in 215 
excess, and filter off the insoluble chloride, bromide, iodide, Ac., 
of silver. The filtrato contains the whole of the acids of the lirst 
group, the silver salts of these acids being soluble in water or 
nitric acid. Carbonic acid must, under all circumstances, be deter- 
mined in a separate portion (§ 139, d y e or //). If methods or g is 
employed the remarks on p. 338 must be borne in mind, 

b. Some of the Acids of the Second Group from Acids of the First 

Gftup. 

As it is often inconvenient for the further separation of the 216 
acids of the second group to have them all in th^ form of insoluble 
silver compounds, the analysis is sometimes effected by separating 
lirst the acid of the first group, then that of the second. If the 
quantity of substance is large enough, the most convenient way 
generally is determine the several acids, e.g. , sulphuric acid, 
phosphoric acid, hydrochloric acid, sulphuretted hydrogen, Ac., in 
separate portions. 

Of the infinite number of combinations that may present them- 
selves we will here consider only the most important. 

•1. Sulphuric Acid may be readily separated from chlorine, 247 
bromine, iodine, and cyanogen, by precipitation with a salt of 
b^yta. If the acids of the second group are to be determined m 
Ihe same portion, nitrate or acetate of baryta is used instead ot 
chloride of barium. In presence of sulphuretted hydiogen, 
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sulpliuric acid cannot be determined in this way, as part of the 
sulphuretted hydrogen would be converted into sulphuric acid by 
the oxygen of the air. The error thus introduced into the pro- 
cess may be very considerable (Fresenius*). The sulphuretted 
hydrogen must, therefore, first be removed by chloride of copper, 
and the sulphuric acid determined in the filtrate ; or, the sulphu- 
retted hydrogen must be completely oxidized into sulphuric acid bv 
chlorine or bromine, and a corresponding deduction afterwards 
made in calculating the quantity of the sulphuric acid. In other 
cases it is well to expel the sulphuretted hydrogen according to 
p. 389, c, by heating with hydrochloric acid, and to estimate the 
sulphuric acid in the residual fluid. 

2. Phosphoric Acid may be precipitated by nitrate of magnesia 243 
and ammonia, after addition of nitrate of ammonia; oxalic acid 

by nitrate of lime ; chlorine, bromine, iodine, &e., are determined 
in the filtrate. 

3. Chlorides in Silicates. 

a. If the silicates dissolve in dilute nitric acid, precipitate the 249 
highly dilute solution with nitrate of silver, without applying heat, 
remove the excess of silver from the filtrate by dilute hydrochloric 
acid, still without applying heat, and then separate the silicic acid 

in the usual way. 

b. If the plicate becomes gelatinous upon decomposition with 
nitric acid, dilute, allow to deposit, filter, wash the separated silicic 
acid, and treat the filtrate as in a. 

In the processes a and b the chloride of silver may contain silica. 
Iteduce the weighed silver salt by hydrogen and treat with nitric 
acid, the silica will remain behind. . 

c. If nitric acid fails to decompose the silicates, mix the sub- 
stance with carbonate of soda and potassa, moisten the mass with 
water, dry in the crucible, fuse, boil with water, remove the dis- 
solved silicic acid by carbonato of ammonia and oxide of zinc dis- 
solved in ammonia (239)> and then precipitate, after addition of 
nitric acid, with nitrate of silver. 

<1. If the silicates are readily decomposed by acids, chlorine may 
be estimated in them by heating with moderately strong sulphuric 
acid, aud collecting the evolved hydrochloric acid in receivers, tho 
first of which is filled w*$th water, the second with water containing 
ammonia. During the operation pass a current of air through the 
apparatus and heat till copious fumes of sulphuric acid pass over. 

The apparatus, fig. 78, p. 179, will answer the purpose if provision 
is made for the current of air (H. Hose). The chlorine in the con- 
tents of the receivers is estimated according to § 141, a. 

4. CnLORiDES ix presence of Fluorides. 

If the substance is soluble in water, tho separation may be 250 
effected as directed 245 ; hut it is more convenient to precipitato 
the fluorine with nitrate of lime, and the chlorine in the filtrate 
with nitrate of silver. Insoluble compounds are fused with car- 
bonate of soda and silicic acid, and treated as in 251. 

* Journ. f. prakt. Chein. 70, 9. 
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5. Chlorides in presence of Fluorides in Silicates. 

Proceed as directed 239 - Hat urate the alkaline 111 I rate nearly 251 
with nitric acid, precipitate with nitrate of lime, separate the 
fluoride of calcium and the carbonate of lime undirected in 244 , 
and precipitate the chlorine in the filtrate by nitrate of silver. 

6. Sulphides in Silicates. 

If the substance is decomposable by acids, reduce it to the 232 
very finest powder, and treat with fuming nitric acid free from 
sulphuric acid (§ 148, II., 2, a, p. 387), or with rather dilute nitric 
acid in sealed tubes at iao — 150° (Camus*). When the sulphur is 
completely oxidized, rinse the contents of the flask or tube into a 
dish, evaporate on the water bath, treat with hydrochloric or nitric 
acid, dilute, filter oft* the silica, and determine in the filtrate the 
sulphuric acid formed. If, on the contrary, the substance is not 
decomposable by acids, fuse with 4 parts of carbonate of soda and 
1 part of nitrate of potassa, boil the fused mass with water, Alter, 
remove the dissolved silicic acid from the filtrate by acidifying with 
hydrochloric or nitric acid and evaporating, and proceed as above 
directed, 

7. Sulphides in presence of Carhonates. 

If you have to estimate sulphur in sulphides, which can easily 253 
be decomposed by acids (e.r/., sulphide of calcium), in presence of 
carbonic acid, decompose the substance by heating with hydro- 
chloric acid, dry the evolved mixture of sulphuretted hydrogen and 
carbonic acid, take up the sulphuretted hydrogen by tubes filled 
with pumice prepared with sulphate of copper (p. 383), and the 
carbonic acid by soda-lime tubes (p. 341). For details see. 

“ Analysis of Black Asli,” in the Special Part. 

Supplement . 

Analysis of Compounds, containing Alkaline Sulphides, 
Carbonates, Sulphates, and Hyposulphites. 

§ 168. 

The following method was first employed by G. WERTnERt 254 
in the examination of gunpowder residues. N. Frdoiiow^ has 
shown that the original process included an erftr, which has been 
put right in the method described below. 

Put the substance into a flask, add water, in which a sufficient 
quantity of oarbonate of cadmium§ is suspended ; cork, and shake 
die vessel well. The alkaline sulphide decomposes completely 
with the carbonate of cadmium. Filter the yellowish precipitate 
°F, and treat it with dilute acetic acid (not with hydrochloric acid) ; 
die carbonate of cadmium dissolves, the sulphide of cadmium is 
left undissolved. Oxidize the latter with chlorate of potassa and 
Ntric acid (p. 388), or with bromine (p. 388), and precipitate 

* Comp. “ The determination of Sulphur in organic bodies.” 

t Journ. f. prakt. Cliem. 55, 22. X Zeitschr. 1. anal. Chun. <), 127. 

§ To obtain the carbonate of caumium free from alkali, carbonate of ammonia 
mu8t be used as precipitant. 
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with chloride of barium the sulphuric acid formed from tlie 
sulphide. 

Heat the fluid filtered from the yellow precipitate, and mix 
with solution of neut^il nitrate of silver. The precipitate consists 
of carbonate of silver and sulphide of silver (KO,S 4 O s + AgO, 

NO, + HO = lvO,S 0 3 + AgS + HO, NO,). Filter it off, and wash 
with carbonic acid water, then remove the carbonate of silver by 
ammonia and precipitate the silver from the ammoniacal solution 
by acidifying with nitric acid and adding chloride of sodium. 
Each eq. chloride of silver so obtained corresponds to i eq. car- 
bonate.* Dissolve the sulphide of silver in dilute boiling nitric 
acid, determine the silver in the solution as chloride of silver, and 
calculate from the result the quantity of the hyposulphite ; i eq. 
AgOl corresponds to 2 eq. sulphur in liyposulphurous acid, and 
accordingly to 1 eq. hyposulphite (KO.S.,G 2 ). 

From the fluid filtered from the sulphide and carbonate of silver 
remove first the excess of silver by means of hydrochloric acid, and 
then precipitate the sulphuric acid by a salt of baryta. From the 
sulphuric acid found you have, of course, to deduct the quantity of 
that acid resulting from the decomposition of the liyposulphurous 
acid, and accordingly for 1 part of chloride of silver formed from 
the sulphide, ’279 parts of sulphuric acid. The difference gives 
the amount of sulphuric acid originally present in the analysed 
compound. By way of control, you may determine, in the fluid 
filtered from tfie sulphate of baryta, the alkali ,os sulphate (§ 97 or 
§ 98). Comp. “ The analysis of black ash and the lie from soda 
residues,” in the Special Bart. 

II. Separation of tiie Acids of the Second Group from 
each other. 

§ 169* 

1. Hydrochloric Acid from Hydrobromic Acid, 

All the methods of direct analysis hitherto proposed to effect 
the separation of chlorine from bromine are defective. The bromino 
is therefore always determined in a more indirect way. 

a. Precipitate with nitrate of silver, wash the precipitate, wash 255 
it from the filter into a porcelain dish, extract the filter with hot 
ammonia, evaporate the ammonia in a weighed porcelain crucible, 
add the principal quantity of the precipitate, dry, fuse, and weigh. 
Transfer an aliquot part of the mixed chloride and bromide of silver 
to a light weighed bulb-tube of hard glass, f fuse in the bulb, let 
the mass cool, and weigh. This operation gives both the total 
weight of the tube with its contents, and the weight of the portion 
of mixed chloride and bromide of silver in the bulb. The greatest 
accuracy in the several weighings is indispensable. Now transmit 
through the tube a slow stream of dry pure chlorine gas, heat the 

* A quantity equivalent to the sulphide found has to be deducted from this 
(KS + CdO,C0 2 ~ CuS f KG, COp. On the other hand, a quantity equivalent to tfie 
sulphide of siDer must he added, for each eq. of sulphide of silver from the hypo- 
sulphite gives I eq. HO, NO,, which decomposes 1 eq. carbonate of silver. D 113 
correction was overlooked by W f.kthku. 

I The best way of effecting the removal of the fused mass from the crucibloi3 
to fuse again, and then pour out. 
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contents of the bulb to fusion, and shake the fused mass occasionally 
about in the bulb. After the lapse of about 20 minutes, take oil* 
the tube, allow it to cool, hIMd it in an oblique position, that the 
chlorine gas maybe replaced by atmospheric air,*md then weigh. 

Heat once more for about to minutes in a stream of chlorine gas’ 
and weigh again. If the two last weighings agree, the experiment 
is terminated ; if not, the operation must he repeated once more. 

The loss of weight suffered, multiplied by 4-22297 (which may he 
taken as 4*223), gives the quantity of the bromide of silver de- 
composed by the chlorine. For the proof of this rule, sets § 200 
This method gives very accurate results, if the proportion ’ of 
bromine present is not too small ; but most uncertain results in 
cases where mere traces of bromine have to be determined in 
presence of large quantities of chlorides, as, for instance, in salt- 
springs. To render the method available in such cases, the great 
point is to produce a silver compound containing all the bromine, 
and only a small part of the chlorine. This end may be attained 
in several 'ways. In these processes the quantity of chlorino is 
found by completely precipitating a separate portion with silver 
solution, and deducting the bromide of silver found from the weight 
of the precipitate. 

a. Mix the solution with carbonate of soda in excess (if a pre- 
cipitate is formed, do not filter), evaporate to dryness, powder the 
residue, extract with hot absolute alcohol : the solution contains 
the whole of the # alkaline bromide, and only a small portion of the 
alkaline chloride, add a drop of soda solution, and evaporate, dis- 
solve the residue in water, acidify with nitric acid, and precipitate 
with silver solution. 

/I Fehlinu’s method.* Mix the solution cold witli a quantity 250 
of solution of nitrate of silver not. nearly sufficient to effect com- 
plete precipitation, shaking the mixture vigorously, and leave the 
precipitate for some time in the lluid, with repeated shaking. If 
the amount of the precipitate produced corresponds at all to the 
quantity of bromine present, the whole of the latter substanco is 
obtained in the precipitate. 

Fehung gives the following rule : — 

*lf the fluid contains r bromine to 1000 chlorine use -} or J. the 
quantity of nitrate of silver that would be required to effect com- 
plete precipitation ; if the fluid contains 10,00-? times as much 
chlorine as bromine, use T \j ; if 50,000, use if 100,000, use Tt(i . 

Wash the mixed precipitate of chloride and bromide of silver 
thoroughly, dry" ignite, weigh, and treat with chlorine as above. 

y. MAitcHA^nf has slightly modified Fettling ’ s method. Tie 2 57 
reduces with zinc the mixed precipitate of chloride and bromide of 
Silver obtained by Fehling’s fractional precipitation, decomposes 
le s °lution of chloride and bromide of zinc with carbonate of soda, 
evaporates to dryness, and extracts the residue with absolute 
dissolves all the bromide of sodium with only a little 
ot fne chloride of sodium ; ho then evaporates the solution to dry- 
bikes up the residue with water, precipitates again with 
1 rate of silver, and subjects a part of the weighed precipitate to 
e treatment with chlorine. 

* Journ. f. prakt. Clicm. 45, 269. 


t /&• 47. 3 6 3- 
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5. If a fluid containing chlorides in presence of some bromide 
is heated in a retort with hydrochloric; acid and binoxide of 
manganese, the whole of the bromine passes over before any of 
the chlorine. Upon jbhis circumstance Muiir* bases the following 
method for effecting the concentration of bromine: -Distil as 
stated, and conduct the vapors, through a doubly bent tube, into a 
wide Woulf’s bottle, which contains some st rong ammonia. Dense 
fumes form in the bottle, tilling it gradually. Conduct the excess 
of vapors from the first into a second bottle, with narrow neck, 
containing ammoniated water. Both bottles must be sufficiently 
large to allow no vapors to escape. When the whole of the bromine 
is evolved, which may be distinctly seen by the color of the space 
above the liquid in the retort and tubes, raise the cork of the flask 
to prevent the receding of bromide of ammonium fumes. Let the 
apparatus cool, and unite the contents of the two bottles ; the fluid 
contains the whole of the bromine, with a relatively small portion 
of the chlorine. 

b. Instead of treating the mixed chloride and bromide of ‘silver 258 
in a current of chlorine as in a, it may also be reduced to metallic 
silver, in a current of hydrogen. After accurately determining the 
weight of the reduced metal, calculate the amount of chloride of 
silver equivalent to it, subtract from this the weight of the chloride 
and bromide of silver subjected to the reducing process, and we 
have the same difference as served in a for the point of departure 

of the calculation (Wackenroder). The method huff no advan- 
tage over a, as bromide of silver requires a very strong heat long 
continued for reduction in*hydrogen. It will he seen that one and 
the same portion of mixed bromide and chloride of silver may be 
treated first as directed in a, then, by way of control, as directed 
in h. The difference found in the direct way in the first, and by 
calculation in the second experiment, between the weight of the 
mixed chloride and bromide of silver and the amount of chloride 
of silver equivalent to it, must be the same. 

c. Fa. Mount recommends to precipitate by a known quantity 259 
of silver the bromine and part of the chlorine, and to weigh the 
mixed precipitate of chloride and bromide of silver ; which will 

of course again furnish the same data for calculation as in b. 
The known quantity of silver used as precipitant is either weighed 
off directly and dissolved in nitric acid, or added in form of a 
standard solution. This method is more convenient than a, but I 
do not consider it quite so accurate, more particularly for small 
quantities of bromine. It presupposes that a weighed quantity 
of silver will give an absolutely corresponding amount ftf chloride 
of silver, which practically is not the case, errors to the extent of 
some milligrammes being scarcely avoidable ; it may accordingly 
happen that bromine is calculated from the supposed difference, 
even in cases where there is absolutely none present. Now the 
method a is not so liable to lead to such mistakes, at least not to 
the same extent. On the contrary, a simple experiment will show 
that pure chloride of silver, heated cautiously in a light bulb- 
tube in a current of chlorine, suffers no alteration of weight ; ail 
error occurring in this operation- to the extent of £ mgrm. is lees 
* Annal. d. Cliem. u. Pliarm. 92, So. + lb . 93, 76* 
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excusable than one to the extent of a lngrm. arising in the con- 
version o! 2 or 3 grm. of silver into chloride, esyee'mllv if sv filter 
is used in tho process ; and rids can hardly ever he dispensed with 
ill n partial precipitation, as, 111 such cases, the. precipitates nlwav* 
subside less readily and completely than in UJ S 

™wv»mitn+.UVn. I w 


precipitation. 
d . Pisani’s 


l’s method* may ho looked upon as a modifuution 230 
of C. I his chemist recommends to add a known quantity of 
nitrate of silver in slight excess, filter, and determine the silver in 
the filtrato by iodide of starch (p. 240). The precipitate is 
weighed as in c. . This method precludes the partial precipitation. 

<3. Determine in a portion of the solution the chlorine + hro- 261 
mine (by precipitating with silver), either graviinetvically , )V 
volumetrically ; in another portion the bromine, either by the 
colorimetric method (§ 143, I., b, y ) or volumetrically (§ I43> 

]., b , a or fi). Calculate the chlorine from the difference. The 
method is very suitable for an expeditious analysis of mother- 
liquors. 

/. Compare 271 and 272- 


2. Hydrochloric from IIydriodic Acid. 

a. Mix the solution with nitrate of protoxide of palladium, 262 
and determine the precipitated protiodide of palladium as directed 
§ I45 j 1 > a > Conduct sulphuretted hydrogen into the filtrate to 
remove excess of* the palladium, destroy the excess of sulphuretted 
hydrogen by solution of sulphate of sesquioxide of iron, and pre- 
cipitate the chlorine finally with solution of silver. It is generally 
found more simple and convenient to precipitate from one portion 
the iodine, by means of protochloride of palladium, as directed 
) . x 45> I;> a, 3, from another portion, the chlorine and iodine 
Jointly with nitrate of silver, and to calculate the chlorine from 
the difference. If you have no solution of nitrate of protoxide of 
palladium ready, and the chlorine and iodine must he determined 
ni one portion of the solution under examination, add a measured 
quantity of a solution of protochloride of palladium, dote rmine tho 
amount of chlorine in this in another exactly equal portion of the 
sane solution, and deduct it. The results are accurate. In the 
^ase of fluids containing a large proportion of alkaline chlorides 
• ° a Sllla b quantity of iodide- — and such cases often occur — the 
] ' )( Ia0 18 concentrated by adding carbonate of loda to the fluid, 
evaporating to dryness, extracting the residue with hot alcohol, 
evaporating the alcoholic solution with addition of a drop of solu- 
1( m of soda, and taking tho residue up with water. 

d. Proceed exactly as for the indirect determination of bromine 263 
^ piesence of chlorine (255). Tho greatest care must be taken 
!f ns ^ttle as possible of the mixed chloride and iodide of silver 
KTOs the filter, for iodide of silver dissolves only very slightly 
to i mmon ^ a - Any particles of iodide of silver remaining attached 
the 4^ r nia y ^0 saved by incinerating the filter and evaporating 
qq as h with a drop of nitric acid and a drop of hydriodic acid. 
c loss of weight suffered by the silver precipitate on fusion in 
0rine Multiplied by 2*569 gives the amount of iodide of silver 

* Compt. rend. 44, 352 ; Journ. f. prakt. Cliem. 72, 266. 
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present. The methods 259 and 260 may bo also employed. These 
methods give in this case still better results than in tlio separa- 
tion of bromine from chlorine, inasmuch a* the difference between 
the equivalents of inline and chlorine is far greater than the dif- 
ference between those of bromine and chlorine. Regarding the 
concentration of the iodide, if necessary, see 262 - 

c. Liberate the iodine by nitrous acid, take it up with bisul- 204 
phide of carbon, wash the latter, and then estimate the iodine in 
it bv hyposulphite of soda (p. 366, (i). 

In this process the chlorine is determined, either in the fluid 
separated from the violet bisulphide of carbon, or with greater accu- 
racy, by precipitating the chlorine 4 - iodine in a second portion 
with silver, and deducting the weight of iodide of silver corre- 
sponding to the iodine already found from the weight of the preci- 
pitate. A good and approved method. 

If the quantity of iodine is small, the following method may 
also bo used with advantage for estimating it. 

The bisulphide of carbon should be thoroughly washed, covered 
with a layer of water, and in a stoppered bottle. Add drop by 
drop, with shaking, dilute chlorine water (of unknown strength), 
till the coloration has just vanished, and all the iodine is conse- 
quently converted into IC 1 ,. Separate the solution from the 
bisulphide, add iodide of potassium solution in sufficient excess, 
and determine the free iodine after § 146. fcftx parts of the iodine 
found correspond to 1 part originally present. If «tho analyst 
would avoid the trouble of pouring oil* the fluid from the bisul- 
phide, and of washing the latter, he may transfer the mixture, 
after the addition of chlorine to decoloration, to a somewhat 
narrow measuring cylinder, note the volume occupied by the 
pentaehloride of iodine solution, take out a portion with a pipette, 
and proceed as above directed. 

Instead of the bisulphide, Moride* uses benzol, Roger! 
chloroform, and instead of nitrous acid the latter chemist employs 
iodic acid. This last reagent was formerly proposed by v. Liebig 
for the same purpose ; it is added in dilute solution to the dilute 
fluid mixed with sulphuric acid. It follows, from the equation 
5 HI + 10 , = 5IIO + I n , that only £ of the iodine here found belongs 
to the iodide originally present. 

cl. Estimate in one c portion the chlorine and iodine according to 2C5 
§ 141, I., b, a, in another portion the iodine alone according to 
§ 145, 1 ., b, y, 5 or e. The chlorine is found by difference. 

The method § 145, I., />, a (Pisanis) is very rapid, and in the 
presence of little chloride gives approximate result#; in the 
presence of much chloride the results however are entirely un- 
trustworthy, compare p. 368. The method § 145, I., b, y 
( Reinice’s) cannot be employed if tho solution contains organic 
matter or any substance which reduces permanganate of potash. 

The method § 145, I., b, e cannot be used if the fluid contains 
chloric, nitrous or nitric acid. 

e. For technical purposes the following method is also suitable. 2 u 0 
It was recommended by Wallace and LamontJ for the estimation 

* Compt. rend. 35, 789; Journ. f. prakt. Cliein. 58, 317. 
t Journ. dc Pliarm. 37, 410. + Chum. Giaz. 1859, i 37 - 
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of iodine in kelp. The kelp -1 io is nearly neutralized with nitric 
acid, evaporated to dryness, and the residue fused in a platinum 
vessel to oxidation of all tl»e sulphides. Treat with water, Idler, 
add nitrate of silver till the precipitate appears perfectly white’ 
wash, digest with strong ammonia, and weigh the residual iodide 
of silver. Finally, add to the weight of the latter the amount 
which passes into solution in the ammonia; it is of the 

aqueous ammonia (sp. gr. * 89 ) used. 

Finally compare 268? 271? 272- 

3. Chlorine, Bromine, and Iodine from each other. 

a. The three metalloids are determined jointly in a portion of 267 
the fluid, by precipitating with solution of nitrate of silver (§ 141 , 

L, a or b, a). To determine the iodine, another portion is pre- 
cipitated with chloride of palladium in the least possible excess 
(§ 145 , 1., a , 0). The fluid filtered from the precipitate is freed 
from palladium by sulphuretted hydrogen and the excess of the 
latter removed by means of sulphate of sesquioxide of iron ; the 
chlorine and bromine are then precipitated jointly, either completely 
or partially with nitrate of silver and the bromine determined as 
directed 255. 

If the compound contains a large proportion of chlorine to a 
small proportion of bromine, the iodine may be precipitated also by 
nitrate of palladium, as 1 ; here is no danger, in that case, of proto- 
bromide of palladium being coprecipitated. The filtrate»is treated 
as above. 

These methods give accurate results ; but they are applicable 
only if the quantity of iodide present is somewhat considerable. 

b. Mix the neutral dilute and cold solution containing alkaline 268 
iodide with alkaline chloride or alkaline bromide or both, with a 
saturated neutral solution of nitrate of thallium stirring well till, 

on repeated trial, you obtain a transient white precipitate — the 
first and permanent precipitate being yellow. It is best to have 
the thallium solution in a burette so that you can easily add it by 
drops. If the white precipitate of chloride or bromide of thallium 
does not at once disappear on stirring, add more water but not an 
unnecessary quantity or some of the iodide of thallium will remain 
in solution. 

Allow to stand eight or twelve hours in a ^cold place, pour off 
the clear fluid through a weighed filter dried at 1 oo°, wash the 
filter a little, so that no more water than necessary may pass 
through the precipitate, turn the precipitate on to tho filter, wash 
with as little ^vater as you can, dry at ioo° and weigh. Precipitate 
the chlorine and bromine in the filtrate by silver solution. If they 
are both present the mixed silver precipitate is to be treated accord- 
ing to 255. Results quite satisfactory (Hubner and Spezia,* 
and IIubner and FRERiciist). . , , . . , , 

c. Remove tho iodine from the solution by bisulphide of carbon, 269 

chloroform, as in 264* In the fluid separated from the iodized 

bisulphide of carbon determine the chlorine and bromine as 
directed 255, and in the iodized bisulphide of carbon, the iodine 

t lb. 11, 400. 


* Zeitschr. f. anal. Chem- 1 1, 39 7 * 
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as directed p. 366,3.' This method is particularly recommended 
for the separation of small quantities of iodine, and in this respoci 
is supplementary to 267 - 

d. Determine in portion of the compound the chlorine, 270 
bromine, and iodiue jointly by addin" a known quantity of standard 
silver solution in slight excess, littering and determining the small 
excess of silver in the filtrate by iodide of starch (p. 240). The 
precipitate is weighed, compare 263 - We now know the total of 
the chloride, bromide and iodide of silver and also the silver therein 
contained. 

Determine the iodine separately as in 269 , calculate the 
quantity of iodide of silver and of silver corresponding to the 
amount found, deduct the calculated amount of iodide of silver 
from the mixed iodide, chloride, and bromide of silver, that of the 
silver from tho known quantity of the metal contained in the 
mixed compound ; the remainders are respectively tho joint amount, 
of chloride and bromide of silver, and the quantity of the metal 
contained therein ; these are tiny -data for calculating the clriorino 
and bromine ( 258 )> 

e. Freshly precipitated chloride of silver is converted by solu- 271 
tion of bromide of potassium into bromide of silver, and freshly 
precipitated bromide and chloride of silver are converted by iodide 

of potassium solution into iodide of silver. Upon these facts If. 
Field* bases the following process for determining tho three 
halogens wheff present together, in combination with* metals : — 
Place three exactly equal portions of the substance in three stop- 
pered bottles, add about 30 c.c. water, and silver solution in ex- 
cess, shake violently, and wash the precipitates. I., II., and il l. 
completely with hot water. I. is dried and weighed, the weight 
represents the sum of the chloride, bromide and iodide of silver ; 

[I. and III. are digested with bromide and iodide of potassium 
solutions respectively for 10 hours; the solutions must be dilute, 
and employed in not too large excess, and without warming, 
otherwise they will dissolve perceptible traces of the silver salts. 

II. and III. are finally washed, ignited and weighed. II. is a 
mixture of bromide and iodide of silver, III. is pure iodide of silver. 

The calculation is as follows : — 

a. The difference between the equivalents of bromine and 
chlorine ( = 44-49): tty) eq. chloride of silver (=143*39) : : 
difference between the weights of I. and II. : the chloride of silver 
contained in I. 

3 - The difference between the equivalents of iodine and bromino 
( = 46*90): the eq. bromide of silver ( = 187*88) : : the difference 
between II. and III. : the quantity of bromide of silver in II. 
Deduct the bromide of silver so found from the weight of II.; and 
tho remainder is the iodide of silver. 

y. Finally subtract the sum of the chloride of silver found in a, 
and the iodide of silver found in 3, from the precipitate I., and the 
remainder will represent the bromide of silver. The method is of 
interest from a theoretical point of view. Field's results wero 
tolerably satisfactory. 

* Quart. Journ. Chem. Soc. 10, 234; Journ. f. prakt. Chem. 73 > 4 ° 4 ! aIs0 
Chem. News, 2, 325. 
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The mothod was submitted to a searching examination by 0. 
Uuschke* and M. SiEWERT.f The former employed the bromide 
of potassium solution of the strength i in 4 S, the iodide of potas- 
sium of the strength i in 34, and digested for an hour. Ho 
obtained 5*248 and 5*206 grains iodine instead of 5*287, 3-313 a U d 
3*349 grains bromine instead of 3*333, and 1*477 mid 1*496 grains 
chlorine instead of 1*503. 

SiEWERT worked with cold and with hot solutions, and obtained 
unsatisfactory results. He found that the conversion of chloride 
of silver into bromide is incomplete, and that on boiling bromide of 
silver with chloride of sodium chloride of silver is formed. Ho 
found, on the contrary, that the conversion of chloride of silver and 
bromide of silver into the iodide was complete. 

Field’s method cannot, therefore, he used, unless all the threo 
halogens are present in relatively large quantities, and approximate 
results will suliice. It is absolutely inapplicable to mineral water 
analysis, £ and generally for the estimation of very small quantities 
of bromimvand iodine in the presence of much chlorides. 

/. F. IIaueli’sS method is based on the solubility of freshly 272 
precipitated chloride of silver in boiling solution of scsquicarbonate 
of ammonia, which merely takes up traces of bromide of silver, 
and scarcely any iodide of silver ; the bromide and iodide of silver 
are separated by ammonia. The method only gives approximate 
results, in 8onstadt’s|| fhethod the iodine is precipitated asiodate 
of baryta. * 

4. Analysis of Iodine containing Chlorine. 

a. Dissolve a weighed quantity of the dried iodine in cold sul- 273 
plmrous acid, precipitate with nitrate of silver, digest the preci- 
pitate with nitric acid, to remove tho sulphite of silver which may 
have coprecipitated, and weigh. The calculation of the iodine and 
chlorine is made by the following equations, in which A represents 
the quantity of iodine analysed, x the iodine contained in it, y the 
chlorine contained in it, and B tho amount of chloride and iodido 
of silver obtained : — 



x-i -y = A, and 


An + / An + Cl „ 
~i x+ ci V=B 

Now as 

Aq+I . . 

— = 1-8508 

and 

Aq + Cl 


a ” 4-0437 


. * Zeitsehr. f. anal. Chem. 7, 434. t 

^ ^ Zeitsehr. f. di© gesammt. Naturwiss. 1868, No. 1 \ Zeitsr.hr. f. anal. Glicm. 

1 + h has been so used, 500 c.c. water being employed, se© Chem. Analyse 
' e ,J ttadeiuer Sauerbru uuens. von Dr. Jos. Mitteregger, Vienna, 1872, W. Bkau- 
“^ler, p. 5. 

§ Pharrn. Central!)! 12, 42; Zeitschr. f. anal. Chem. 10, 341. 

[| Chem. Nows, 26, 173. 
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ft.- If you have five iodine and free chlorine in solution, deter- 274 
mine in one portion, after heating with sulphurous acid, the iodine 
as iodide of palladium (§ 145, L, a, #), and treat another portion as 
directed § 146. Deduct from the apparent amount of iodine found 
by the latter process, the actual quantity calculated from the iodide 
of palladium : the difference expresses the amount of iodine equi- 
valent to the chlorine contained in the substance. 


5. Analysis of Bromine containing Chlorine. 

a. Proceed exactly as in 273 , weighing the bromine in a small 275 
glass bulb. Taking A to be equal to the analysed bromine, B to 

t he bromide and chloride of silver obtained, x to the bromine con- 
tained in A, y to the chlorine contained in A, the calculation is 
made by tho following equations : — # 

X + fyzzA 

and 

, _ -ft" -'34997 A. 

V 1 '<>93 7 4 

b. Mix tlje weighed anhydrous bromine with solution of iodide 276 
of potassium in excess, and determine the separated iodine as 
directed § 146. 

Prom these data, the respective quantities of bromine and chlo- 
rine are calculated by the following equations. Let A represent 
the weighed bromine, i tho iodine found, y the chlorine contained 
in A, x the bromine contained in A, then 

x + y = A 

i- 1*5866 A 

y = 

J 1*9907 

Bunsen, the originator of methods 4 and 5, has experimentally 
proved their accuracy.* • 

6. Cyanogen from Chlorine, Bromine, or Iodine. 

a. Precipitate with solution of silver, collect the precipitate 277 
upon a weighed filter, and dry in the water-bath until the weight 
remains constant ; then determine the cyanogen by the method of 
organic analysis ; the quantity of the clilorine, bromine, or iodine 

is found by difference. 

b. Precipitate with solution of silver as in a , dry the pre- 278 
cipitate at ioo°, and weigh. Ileat tho precipitate, or an aliquot 
part of it, in a porcelain crucible, with cautious agitation of the 
contents, to complete fusion ; add dilute sulphuric acid to the 
fused mass, then reduce by zinc, filter the solution from the* 
metallic silver and paracyanide of silver, and determine the 
chlorine, iodine, or bromine in tho filtrate, in the usual way by 


* Annal. d. (hem. u. Hiarm. 86, 274, 276. 
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silver. The cyanide of silver is the difference. Neubauer and 
Keener* obtained very satisfactory results by this method. 

c. Precipitate with solution of silver as in a, weigh the pie- 279 
cipitate and heat it, or an aliquot part, with nitric acid of V 2 
sp.gr. in a sealed tube at ioo° for several ho^rs, or at 15 o° for 
one hour. The cyanide of silver is completely decomposed, while 
the chloride, bromide, or iodide are unaffected. Filter the contents 
of the tube, wash the precipitate and weigh it, the loss indicates 
the amount of cyanide of silver (K. KrautT). 

d Determine the radicals jointly in a portion by precipitating 280 
with solution of silver, and the cyanogen in another portion, in the 
volumetric way (§ 147 , I., b or c). 

7. Ferro- or Ferrtcyanogen prom Hydrochloric Acid. 

To analyse say ferro- or ferricyanide of potassium, mixed with 281 
the chloride of an alkali metal, determine in one portion the ferro- 
or ferricyanogen as directed § 147 , II., g ; acidify another portion 
with nitric acid, precipitate with solution of silver, wash the pre- 
cipitate, fuse with 4 parts of carbonate of soda and 1 part of nitrate 
of.potassa, extract the fused mass with water, and determine the 
chlorine in the solution as directed in § 1 41 . 

8. Sulphuretted Hydrogen from Hydrochloric Acid. 

The old method of separating the two acids by means of a 282 
metallic salt is l^iblc to give false results, as part of the.# chloride 
of fcho metal may fall down with the sulphide. Wo, therefore, 
precipitate both as silver compounds, dry the precipitate at ioo°, 
weigh it, and determine the sulphur in a weighed portion ; or — 
and this is usually preferred — determine in a portion of the solu- 
tion the sulphuretted hydrogen as directed § 148 , 1 ., a, b , or c, in 
another portion the sulphur + chlorine in form of silver salts. If 
you employ a solution of nitrate of silver mixed with excess of 
ammonia for the determination of the sulphuretted hydrogen, you 
may, after filtering off the sulphide of silver, estimate the chlorine 
directly as chloride of silver, by adding nitric acid, and, if neces- 
S!U 7 > more neutral silver solution. In this case you must take 
ca re that the sulphide of silver is pure; should it contain car- 
bonate of lime, which is not unlikely if lime is present, you re- 
move this with dilute acetic acid. The weighed sulphide of silver 
should be reduced by hydrogen, and then weighed again by way 
°f control. To remove sulphuretted hydrogen from an acid solu- 
tion, in order that chlorine may be determined in the latter by 
tteans of nitrate of silver, H. Rose recommends to add solution of 
sulphate of sesquioxide of iron, which will effect the separation of 
sulphur alone ; the separated sulphur is allowed to deposit, and 
tiien filtered off. 


Annal. d. Chem. u. Pharm. ioi, 344. 
+ Zeitsohr. f. anal. Chem. 2, 243. 



bU 


SEPARATION. 


[§ m 


THIRD GROUP. 

NITRIC ACID— CHLORIC ACID . 

i. Separation of the Acids of the third Group from 

THOSE OF THE FIRST TWO GROUPS. 

§ 17°- 

a. If you have a mixture of nitric acid or chloric acid with 283 
another free acid in a fluid containing no bases, determine in one 
portion the joint amount of the free acid, by the acidimetric method 
teee Special Part), in another portion the acid mixed with the 
chloric or nitric acid, and calculate the amount of either of the 
latter from the difference. 

b. If you have to analyse a mixture of a nitrate or chlorate 284 
with some other salt, determine in one portion the nitric or chloric 
acid volumetrically (§ 149 , II., d, a, ft or y, or II., e , and ^ 150), 

or the nitric acid by § 149 , II, a, /9; and in another portion the 
other acid. I think I need hardly remark that no substances 
must be present which would interfere with the application of 
these methods. 

_ c. From the chlorides of many metals whose carbonates or 285 
tribasic phosphates are insoluble, chlorates and nitrates may be 
separated alSo by digesting the solution with recently preci- 
pitated thoroughly washed carbonate or tribasic phosphate of 
silver in excess, and boiling the mixture. In this process, the 
chlorides transpose with the carbonate or phosphate- — chloride of 
silver and carbonate or phosphate of the metal with which the 
chlorine was originally combined being formed, which both 
separate, together with the excess of the carbonate or phosphate 
of silver, whilst the chlorates and nitrates remain in solution 
(H. Rose, Chenevix, Lassaigne*). 

d. The estimation of an alkaline chlorate, in presence of a 286 
chloride, may be effected also by precipitating one portion at once, 
and another portion after gentle ignition, with solution of silver, 
and calculating the chloric acid from the difference between the 9 
two precipitates. Or determine the chlorine with silver solution 

in one portion at once, and in another portion after reducing the 
chloric acid with nitrbus acid or protoxide of iron (§ 150 , II., c 
and d). 

e. Where you have nitrate of soda or potash in presence of 287 
nitrite or carbonate, as for instance in the commercial alkaline 
nitrites, estimate in one portion the carbonate by standard acid 
according to § 219 ,+ in another portion the nitrous acid by 
permanganate or chromate of potash (p. 298 ). The nitrate is 
found by difference. 

For the estimation of nitric and nitrous acids, the base being 
either potash or soda, an indirect method may also be employed. 1 
Mix the weighed substance intimately with chloride of ammonium, 
heat moderately in a porcelain crucible till the excess of chloride 

* Journ. de Pharm. 16, 289; Pharm. Centralbl. 1850, 121. 
f The alkaline nitrites have no alkaline reaction. 
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of ammonium and the products of decomnnc>;„ 
dissolve the residue in water, and titrate Z y the In T fP el H 
with silver solution (§ 141. j j \ 4 v l e chloride of sodium 

bonate of soda, if any is present! from the' ^ShtlrfttS 8 w Cai " 
taken, and the chloride of sodium equivalent t n it V * “it substanre 
of sodium found, you will b» W 

culation as follows: From the remaining for tIle oal- 

obtained calculate the equivalent quanta nf*^ 6 °! S ° diura thus 
deduct therefrom the total weight' ! TfhJ -w^ 0 ° f soda > “d 
soda, the remainder will comspond to thV and ni «c of 
maybe obtained by the foKSrl 2 ^?^^ 
between the equivalents of nitrate andCtrite n7 , ( ^ he ^rence 
equivalent of nitrate of soda] • • tbo ^ j ® oda ) : 6 9’°S (the 

being the quantity of nitrite of soda in th^ Tf 61 ' m l l uestion : x 

deduct the carbonate and nitrite of takon - Anally, 

and the remainder will be the •* * ^ r ° m * be substance taken 
understood that no Xneous S uSt° f ^ Of course it is 
Tichbobne* and my owTrepor “* VT**- C °’»pa re 
indirect method may be based on X the ™ ethod *t A similar 
(and carbonic) acids by vitrified borax^XlI X 011 ®’ llitric 

Jsj td s,:i: 5 •£„ 3 

IL SEPAmTI0N 0F the Acids op the Third Gr^p pbom 
EACH OTnER. M 

uitriJ f ;Jid V from chloric°ad(f h th e t o° l‘ reCfc ^ hi”®* Se P aratio ‘ 1 of 288 
“to determine the Two imids tnHv 

the chloric acid, by addinicarWe of sod°‘ her P ° rti ° n estimate 

to dryness, fusing the L?dT th fi f, eva P orati og 
converted into chloride , ln ,] 1,“ . the . cblorate ls completely 
the latter, taldnglre that 1 cbl fT 8 the chlo ™<> « 
c . a >% soluble nifrite 1 “° diffi ' 

corresponds to t ph oh i ^ 6 0k sdver produced from this 

originally present. ^ M " i ’ P rovlded there was no chloride 


+ Zeitacbr. f. 


t lb, 6, 47. 
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A IR-BArHb, 45, 47, 48, 49 
Air-pump, hydraulic, 76 
Alumina, est., 192 

— solution of native compounds, 191 

— Conversion of al. salts into, 193 

— pp. in pure sols., 192 

— sep. from alkalies, 423 

— sep. from alk. earths, Index , 424 

— sop. from»chromium, 428 

— sep. from metals of Gr. IV., Index, 
,433 

— fe. mn. ca. mg. k. 11a. sep. from each 

other, 449 

— properties, 126 • 

Ammonia, est., 177 

— indirect est., 180 • 

— expelled by distillation, 178 

— expelled in the cold, 179 

sep. from other alkalies, Index , 407 
Ammonia arscnio-inolybdate, properties, 

Ammonia carbouate, tests of purity, 101 

— uses as reagent, 101 
Ammonia nitrate, preparation, 101 

— tests of purity, 101 

— uses as reagent, 101 

Ammonia phosphate, preparation, 95 

— tests of purity, 96 

Ammonia phospho-molybdate, pp., 307 

— properties, 163 

Anunonia succinate, preparation, 96 
— *use as reagent, 96 
Ammonium chloride, properties, 116 

— conversion of am. salts into, 177 
7 - Uses as reagent, 10 1 

Ammonium and li. fluoride, preparation, 
100 

~~ feats of purity, 10 1 
~~ us es as reagent, 101 
Ammonium and chloride, properties, 
n 7 

l'P- in pure sols., 178 
7 * c ?nversion into pt. 178 
J utimonic acid, sep. from sb. teroxide, 

Antimonious acid, properties, 153 
Antimony, est., 272 
properties, 154 
tit. by iodine, 275 
^ ;}£• ky permanganate, 276 
^ “t. by bichromate, 275 
tit. of sulphide, 277 


Antimony, sep. from metals of Gr. I.— . 
V., Index , 473 

— sep. from metals of Gr. VI., Index 

A ■ 485 • 

Antimony antimonate, conversion ofsb. 

compounds into, 273 
Antimony sulphide, pp. in pure sols., 272 

— properties, 153 

Antimony teroxide, sep. from antimonie 
acid, 494 
Anvil, 40 

Arseniate iron, properties, 1 58 
Arseniate lead, conversion of as. com- 
pounds into, 283 

— properties, 156 

Arseniate magnesia, properties, 157 
Arseniate magnesia and^immonia, pp. in 
pure sols. , 283 

— properties, 156 

Arseniate uranium, properties, 157 

— pp. in pure sols., 2S4 
Arsenic, est., 282 

— tit. by bichromate, 286 

— tit. by hyposulphite, 287 

— tit. by iodine, 286 

— tit. by uranium, 287 

— sep. from metals of Gr. 1 .— V., Index , 

473 

— sep. from metals of Gr. VI., Index , 

485 . 

Arsenic acid, sep. from arsenious acid, 
Index, 485 

— sep. from all other acids, 495 
Arsenic sulphide, properties, 156 

— pp. in pure as. sols., 284 

— pp. in sulpnur sols., 382 
Arsesdo-molybdate ammonia, properties. 

158 

— pp. in pure sols., 284 

Arsenious acid, sep. from arsenic acid, 
Index , 485 

— sep. from all other acids, 495 

— tests of purity, 105 

— uses as reagent, 105 
Azotoineter, 400 


BALANCE, 10 
^ — tested, 14 
— theory, 10 

Barium chloride, purification, 97 
Barium silicofluoride, properties, 119 
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Baryta, est., 182 

Baryta, sep. from alkalies, Index , 413 

— sep. from other alk. earths, Index, 

418 

Baryta acetate, preparation, 97 

— tests of purity, 97 

— uses as reagent, 98 

Baryta carbonate, pp. in pure sols., 183 

— conversion of ba. salts into, 183 

— properties, 119 

Baryta chromate, properties, 159 

— pp. in pure chromate sols., 291 
Baryta sulphate, properties, 118 

— pp. in pure ba. sols., 182 

— pp. in pure sulphate sols., 299 

— conversion of ba. salts into, 183 
Bismuth, est., 262 

— conversion of bi. compounds into, 264 

— sep. from metals of Gr. I. — IV., 

Index, 456 

— sep. from metals of Gr. V., Index, 463 

— properties, 149 

Bismuth arseniate, pp. in pure sols. , 265 
Bismuth carbonate, properties, 149 

— pp. in pure sols., 263 

Bismuth chloride, basic, properties, 149 
Bismuth chromate, properties, 150 

— - pp. in pure sols., 264 

Bismuth nitrate, basic, properties, 149 
Bismuth oxide, ,properties, 149 

— con version of bi. compounds into, 263 
Bismuth sulphide, properties, 150 

— pp. in pure sols., 263 
Blende, solution, 197 
Bnracic acid, est., 320 

— sop. from bases, 322 
Borates, analysis, 322 
Borax, fused, preparation, 99 

— uses as reagent, 100 
Bromides, analysis, 365 
Bromine, est., 362 

— tit. by silver, 363 

— tit. by silver and iodide starch, 363 

— tit. by alkalimetry, 363 

— tit. by chlorine, 363 

— sep. from acids of Gr. I., 501 

— sep. from metals, 365 

— s p. in chlorides, 504 

— free, est., 365 

— containing chlorine, analysis, 512 
Burette, fitted, 32 

— Gay-Lussac’s, 36 

— Geissler’s, 37 

— holder, 34 

— reading off, 34 • 

— tested, 35 


CADMIUM, est., 2 66 

— tit. by oxalic acid, 267 

— sep. from metals of Gr. I,— IV., 

Index, 456 

— sep. from metals of Gr., V., Index, 

4 63 

Cadmium carbonate, properties, 1 51 


Cadmium pp. in pure sols., 266 
Cadmium oxide, properties, 150 

— conversion of cd. compounds into 

2 66 

Cadmium sulphate, conversion of cd, 
compounds into, 267 
Cadmium sulphide, properties, 151 

— pp. in pure sols., 266 
Calcium, see Lime 

Calcium chloride, preparation, 109 

— uses as reagent, 1 10 
Calcium fluoride, properties, 164 

— precipitation, 326 

Carbon bisulphide, purification, 91 

— uses as reagent, 91 
Carbonates, analysis, 336 
Carbonic acid, est., 330 

— sep. from other acids, 500 

— sep. from bases, 336 
Carbonic acid apparatus 

— Fresenius and Will’s, 327 

— Moiir’s, 339 o 

— Geissler’s, 339 

— Scue idler’s, 343 

— Hum pf’s, 346 
Chlorates, analysis, 403 
Chloric acid, est., 403 

— reduction to chlorine, 403, 404 

— tit. bydiyposulphite, 403 

— tit. by tin protocl^oride, 403 

— tit. by lead, 404 

— sep. from nitric acid, 515 

— sep. from other acids, 514 
Chlorides, analysis, 359 
Chlorine, est., 354 

— est. in presence of free chlorine, 362 

— tit. by silver, 355 

- tit. by alkalimetry, 358 

— tit. by silver and iodide starch, 356 

— tit. byhg. nitrate, 357 

— free, est., 360 

— free, tit. by k. iodide, 361 

— step, from metals, 359 

- sep. from acids of Gr. f., 501 

— sep. iu silicates, 502 

— sep. in fluorides, 502 

— sep. in silicates containing fluoride*, 

5 p 3 

— purification, 102 

— uses as reagent, 102 

— bromide and iodide, sep., 509 

— gas, preparation, foot-note, 384 
Chromates, analysis, 2^3 
Chromic acid, est., 290 

— est. by oxalic acid, 291 

— reduction to sesquioxide, 290 

— tit. by iron, 291 

— tit. by hyposulphite, 292 

— tit. by other methods, 293 

— sep. from bases, 293 
Chromium, est., 194 

— sol. of native compounds, 194 

— sep. from alkalies, 423 ; 

— sep. from alk. earths, Index, 4 -* 

— sep. from alumina, 428 
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Chromium, sep. from metals of Gr. IV., 

Index , 43 3 

Chromium oxide, conversion of <jr. com- 
pounds into, 195 

— conversion into chromic acid, 195 

— properties, 127 

— pp. in pure sols., 194 
Clip for burettes, 32 

— for watch-glasses, 44 
Cobalt, est., 210 

— tit. with permanganate andhg. oxide, 

212 ° ? 

— sep. from alkalies, 429 

— sep. from alk. earths, Index, 430 

— sep. from metals of Gr. Ill, and IV. 

Index , 434 5 

— conversion of co. salts into, 210 

— properties, 135 

— preparation of pure, foot-note , 212 
Cobalt- protoxide, properties, 134 

— pp. in pure sols., 21 1 

Cobalt sesquioxide and potash nitrite, 
pp. in pure sols., 21 1 
Cobalt sulphate, properties, 136 

— conversion of co. salts into, 212 
Cobalt sulphide, properties, 135 

— pp. in pure sols.,*2ii 
Copper, est., 254 

— conversion of eu. oxide into, 257 

— properties, 146 

— pp. as such injure sols., 256 

— tit. by hyposulphite, 258 
-- tit. by k. cyanide, 259 

— tit. 'by na. sulphide, 260 

— tit. by tin protochloride, 261 

— tit. by various methods, 261 

— sop. from metals of Gr. I. — IV., 

Index, 456 

— sep. from metals of Gr. V., Index , 463 

— preparation of pure, 95 

— preparation for organic analysis, 108 

— tests of purity, 95 

. — uses as reagent, 95 u 

~~ use in organic analysis, 108 
tapper oxide, properties, 147 

— conversion of eu. salts into, 256 

— pp. in pure sols., 255 
preparation, 106 
tests of purity, 106 

— use as reagent, 107 

— spent, recovery, 107 

j "pper suboxide, properties, 14S 
upper subsulpmde, properties, 148 
01 nversion of cu. compounds into, 258 
Copper subsulphocyanide, properties, 148 
77 PP- in pure sols., 258 
Copper sulphide, properties, 147 
PP- in pure cu. sols., 257 
77 PP- in sulphur sols., 382 
Crucible tongs, 84 
Cyanides, analysis, 371; 

Cyanogen, est., 373 

. _ , b y ? il X cr > 374 
by iodine, 375 

" Se P- fi’om acids of Gr. T., 50I 


Cyanogen, sep. from chlorine, bromine 
and iodine, 512 
sep. from metals, 373 

pECANTA-ftON, 68, 79 

Desiccators, 41 
Distilled water, 90 
Drying, 40 
Drying disk, 51 

j^LUTRIATlON, 39 
End reaction, 89 
hther, use as reagent, 90 
Evaporation, 60 

— action of fluids on vessels during, 65 

PERRTGYANOGEN, tit. with per 
manganate, 379 

— tit. with hyposulphite, 379 

— sep. from chlorine, 513 
Ferrocyanogen, tit. with permanganate 

3 7 ^ 

— tit. with bichromate, foot-note , 378 

— tit. with cu. sulphate, 380 

tit. in presence of sulphocyanogen, 3$ 

— - sep. from cldorine, 513 
Filter, asbestos, 79 

— glass, 79 * 

— sand, 79 

— patterns, 70 

— stands, 70 

— tubes, 79 
Filtering, by suction, 74 

— rules in, 7 1 
Final reaction, 89 
Float, burette, 35 
Fluorides, analysis, 326 

— est. in silicates, 499 
Fluorine, est., 326 

— sep. from metals, 326 

— sep. from other acids, 498 


rjASES, rules in measuring, 22 
C* — vessels for measuring, 20 
Gold, est., 2*8 

— conversion of gold compounds into, 

269 

— pp. as such in pure sols., 269 

— properties, 1 5 1 

— sep. from metals of Gr. I. — V. , Index , 

473 

— sep. from metals of Gr. VI., Index. 

485 

Gold sulphide, properties, 151 

— pp. in pure sols., 270 
Gunpowder residues, analysis, 503 


TJYDRIODIC acid, see Iodine 
H Hydrobromic acid, see Bromine 
Hydrochloric acicl, see Chlorine 
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Hydrochloric acid, preparation, 92 

— tests of purity, 92 

— uses as reagent, 92 
Hydrocyanic acid, see Cyanogen 
Hydrofluoric acid, see Fluorine 

— preparation, 92 

— tests of purity, 92 

— - uses as reagent, 92 
Hydrofluosilicic acid, est., 304 
Hydrogen, preparation, 101 

— tests of purity, 101 

— uses as reagent, 10 1 
Hydrosulpliuric acirl, see Sulphur 
Hyponitric acid, ost., 298 
Hyposulphites, analysis, 297 
Hyposulphurous acid, est., 297 

— tit. by iodine, 297 


I (INITION in hydrogen, 200 
*■ lodates, analysis, 297 
Iodic acid, est., 297 
iodides, analysis, 368 
iodine, est., 365 

— tit. by silver, 366 

— tit. by silver and iodide starch, 366, 

367 

— tit. by alkalimetry, 366 

— tit. by nitrous acid and bisulphide 

carbon, 36^- 

— tit. by permanganate, 367 

— tit. by various methods, 368 

— sep. from metals, 368 

— sep. from acids of Gr. I., 501 

— free, est., 369 

— free, tit. by hyposulphite, 370 
containing chlorine, analysis, 51 1 

— sep. in chlorides, 507 

— preparation, 1 04 

— tests of purity, 104 


— use as reagent, 104 
Iron, est., 213 

— tit. by bichromate, 220 

— tit. by permanganate, 215 

— tit., bv hyposulphite, 227, 228 

— tit. by tin protochloride, 225 

— sep. from alkalies, 429 

— sep. from alk. earths, Index, 430 

— * sep. from metals of Gr. All. and IV., 
Index , 434 * 1 

— al. mn. ca. mg. k. na., sep. from each 

other, 449 

Iron acetate, basic, properties, 138 
Iron and ammonia sulphate, prepara- 
tion, 104 

— tests of purity, 104 

— use as reagent, 104 

Iron arseniato, properties, 158 
Iron formate, basic, properties, 139 
Iron phosphate, properties, 160 

— precipitation, 31 1 

Iron protoxide, conversion into sesqui- 
oxide, 214 

— sep. from sesquioxide, Index , 434 
solution of native compounds, 213 


Iron sesquioxide, properties, 136 

— conversion of iron salts into, 223 

— pp. in pure sols., 222 

— reduction to protoxide, 224 

— sep. from protoxide, Index , 434 

— solution of native compounds, 22 1 
Iron succinate, properties, 138 

Iron sulphide, properties, 137 

— conversion of iron compounds into, 

223 

— pp. in pure sols., 222 


T EA D, est., 241 

^ — conversion of lead salts into, 246 

— tit. by oxalic acid, 247 

— tit. by bichromate, 247 

— tit. by standard acid, 247 

— sep. from metals of Gr. I.— IV., 

Index , 456 

— sep. from metals of Gr. V., Judix, 

463 •> ' ’ 

Lead arseniate, properties, 156 
Lead carbonate, properties, 141 

— pp. in pure sols., 243 
Lead chloride, properties, 143 

— pp. in pure so\s% 245 

Lead chromate, properties, 159 

— pp. in jure lead sols., 245 

— pp. in pure chromate sols., 291 

— preparation, 107 

— tests of purity, 107 

— use as reagent, 107 

— spent, recovery, 107 
Lead oxide, properties, 142 

— conversion of lead salts into, 243 , 

— preparation, 95 

— uses as reagent, 95 

Lead phosphate, properties, 1C0 

— conversion of phosphoric acid into, 

306 

Lead sulphate, properties, 142 

— ionveraion of lead salts into, 244 

— pp. iu pure sols., 244 
Lead sulphide, properties, 143 

— pp. in puro sols., 243 
Levigation, 39 

Lime, est., 185 

— titration, 189 

— sep. from alkalies, Index , 413 

— sep. from other alk. earths, Indeb 

418 

— properties, 123 

— purification from alkalies, 93 
Lime carbonate, properties, 121 

— pp. in pure sols., 186 
Lime oxalate, properties, 122 

— pp* in pure lime sols., 187 

— pp. in oxalic acid sols., 324 

— titration, 189 

Lime sulphate, properties, 121 

— conversion of lilpe salts into, 186 

— pp. in puro sols., 186 
Lithia, est., 18 1 

— sep. from other alkalies, Index, 407 
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Lithia carbonate, properties, 181 
Lithia phosphate, properties, 1S1 

— pp. in presence of alkalies, 1S1 
Lithia sulphate, properties, 181 » 
Lithium chloride, properties, 1 8 1 
Litmus tincture, preparation, ro2 

— tested, 103 


MAGNESIA, est., 1S9 
-M- — properties, 125 

— conversion of mg. salts into, 191 

— scp. from alkalies, Index, 413 

sep. from other alk. earths, Index, 
4' 8 

Magnesia ami ammonia arson iate, pro- 
perties, 156 

Magnesia and ammonia phosphate, pro- 
perties, 124 

— pp. in pure mg. sols., 190 

— pp. in pure phosphate sols , 306 
Magnesia arseniatc, properties, 157 
Magnesia mixture, preparation, 98 

— improved, preparation, foot-note , 307 
Magnesia phosphate, properties, 160 

— conversion of phosphates into, 312 
Magnesia pyrophosphate, properties, 124 
Magnesia sulphate, properties, 123 

-- conversion of mg. salts inty, 19S 

— uses as reagent, 98 
Manganese, est., 201 

— tit. by k. ferricyanide, 205 
~ tit. by permanganate, 206 

— tit. by boiling with hydrochloric acid, 

207 

— scp. from alkalies, 429 

— Sep. from alk. earths, Index , 430 

— sep. from metals of Gr. III. and IV., 

Index, 433 

Manganese and ammonia phosphate, 
properties, 1 32 
— ; pp. in pure sols. , 205 
Manganese biuoxide, properties, 131 

— pp. in pure sols., 203 
Manganese carbonate, properties, 130 
— *pp. in pure sols., 202 
Manganese protoxide, properties, 130 

— pp. in pure sols., 202 
Manganese protosesquioxide, properties, 

! 3 i 

— conversion of mu. compounds into, 

203 

Manganese sulphate, properties, 132 

— conversion of mn compounds into, 

204 

Manganese sulphide, properties, 131 
conversion of inn. compounds into, 
204 

r~ PP- in pure sols., 204 
"Insuring flasks, tested, 27 
Mercurial trough, 23 
Mercury, properties* 144 

— est., 248 

r~ PP- as such in pure sols., 251 
conversion of hg. salts into, 250 


Mercury, tit. by na. chloride and ua. 
phosphate, 252 

— tit. by 11a. chloride, 248, 252 

— tit. by iodine, 249 

— sep. from metals of Gr. I.— IV., 

Index, 4$6 

— sep. from metals of Gr. V., Index, 463 
Mercury chromate, properties, 1 59 

— pp. in pure chromate sols., 291 
Mercury oxide, properties, 146 

— conversion of hg. salts into, 252 

— sep. from suboxide, 464 

— preparation, 95 

— test of purity, 95 

— uses as reagent, 95 

Mercury phosphate, properties, 162 

— precipitation, 308 

Mercury subchloride, properties, 144 

— pp. in pure sMs., 248, 251 
Mercury suboxide, sep. from oxide, 464 
Mercury sulphide, properties, 145 

— pp. in pure sols., 251 
Mctapliosphoric acid, conversion into 

phosphoric, 306 

Molybdate lead, pp. in pure sols., 289 
Molybdate mercury, pp. in pure sols., 
289 

Molybdenum, est., 289 

— tit. by permanganate, 290 
Molybdenum biuoxide, conversion of mo. 

compounds into, J89 
Molybdenum sulphide, pp. in pure sols., 
289 

Molybdic acid residues, recovery, 96 
Mortar, steel, 38 


MIOKEL, est., 207 
— titration, 209 

— conversion of ni. compounds into, 209 

— sep. from alkalies, 429 

— sep. from alk. earths, Index , 430 

— sep. from metals of Gr. III. and IV., 

Index, 434 

— properties, 133 

Nickel protoxide, properties, 133 

— conversion of ni. salts into, 209 

— pp. in pure sols. , 208 
Nickel sulphite, properties, 133 

— conversion of ni. salts into, 209 
Nickel sulphide, properties, 134 

— pp. in pure sols,, 208 
Nitrates, analysis, 390 
Nitric acid, est., 390 

— est., by azotometer, 399 

— conversion into nitrogen, 402 

— distillation, 391 

— expulsion in ary way, 390 

— tit. by permanganate or bichromate, 

— tit? by tin protochloride, 394 

— tit. by Sen losing’s method, 395 

— tit. by conversion into ammonia, 

397 , 

— sep. from bases, 390 
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Nitric acid, sep. from chloric acid, 515 

— sep. from other acids, 514 

— preparation, 91 

— tests of purity, 91 

— uses as reagent, 91 
Nitrites, analysis, 298 
Nitrogen, properties, 1 17 
Nitrous acid, estimation, 298 

— tit. by permanganate, 298 
Normal solutions, 88 


()IL BATHS, 49, 50 
^ Oxalates, analysis, 325 
Oxalic acid, est., 324 

— conversion into carbonic acid, 324 

— tit. by permanganate, 324 

— sep. from bases, 325 

— preparation, 102 

— tests of purity, 102 

— uses as reagent, 102 
Oxygen, preparation, 107 

— tests of purity, 108 


PALLADIUM, est., 267 
* — PP* as such in pure ids., 267 

— properties, 268 

Palladium cyanide, pp. in pure sols., 
267 

Palladium iodid , properties, 167 

— precipitation, 365 

Palladium and potassium chloride, pro- 
perties, 268 

— pp. in pure sols., 268 

Palladium sulphide, pp. in pure sols., 
267 

Phosphates, analysis, 314 
Phosphoric acid, est., 305 

— tit. by uranium, 312 

— sep. from bases, 314 

— sep. from other acids, 497 
Pyrophosphoric acid, conversion into 

phosphoric, 306 
Platinum, properties, 152 

— eBt., 270 

— conversion of pt. compounds into, 271 

— pp. as such in pure sols., 271 

— sep. from metals of Gr. — V., Index, 

473 

— sep. from metals of Gr. VI., Ihdex, 

485 

— crucibles, 83 

Platinum and am. chloride, properties, 

117 

— pp. in pure pfc. sols., 270 
Platinum and k. chloride, properties,! 14 

— pp. in pure pt. sols., 271 
Platinum bichloride, Btrength of sol., 99 
Platinum sulphide, properties, 152 

— pp. in pure sols., 271 
Potassa, est., 1 71 

— sep. from r^hcr alkalies, Index, 407 
Potassa, preparation of pure sol. , 93 

— preparation for organic analysis, 109 


Potassa bichromate, purification, 1 10 

— uses as reagent, 1 10 

Potassa bisulphate, properties, 113 

— preparation, 100 

— uses as reagent, 1 00 
Potassa nitrate, properties, 113 

— conversion of k. salts into, 1 73 
Potassa permanganate, preparation, 103 
Potassa sulphate, properties, 112 

— conversion of k. salts into, 172 
Potassium borofluoride, properties, 163 

— pp. in boracic acid sols., 321 
Potassium chlorido, properties, 1 *3 

— conversion of k. salts into, 173 
Potassium cyanide, preparation, 97 
Potassium and k. fluoride, preparation, 

100 

— tests of purity, 100 

— uses as reagent, 100 
Potassium iodide, preparation, 104 

— tests of purity, 104 

— uses as reagent, 105 

Potassium and pt. chloride, properties, 
1 r 4 

— pp. in pure sols., 173 

Potassium silicofluoride, properties, 114 

— pp. in pure k. sols., 175 

— pp. in kydrofluosilicic acid sols., 

. 304 

— titration, 175 
Pipettes, tested, 30 * 

— used, 29 
Powdering, 38 
Precipitates, dried, 80 

— ignited, 82 

— washed, 73 
Precipitation, 67 


QELE NATES, analysis, 296 
^ Selenious acid, est., 295 

— sep. from bases, 295 
Selenium, pp. as suck, 295, 296 
Selenites, analysis, 295 
Selenium sulphide, pp. 295 
Sifting, 39 

Silicates, analysis, 347 

— by acids, 347 

— by acids in sealed tubes, 354 

— by alk. carbonates, 348 

— by hydrofluoric acid solution, 350 

— by hydrofluoric acid gas, 351 

— by am. fluoride, 352* 

— by k. and h. fluoride, 352 

— by baryta or ba. carbonate, 352 

— by lime and lime salts, 353 
Silicic acid, est., 346 

— properties, 165 

— sep. from bases, 347 

— sep. from other acids, 5 00 

— tested, 348 

Silicofl nor ides, analysis, 305 
Silver, est., 231 

— properties, 139 

— solution of insoluble salts, 231 
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Silver, conversion of ag. compounds 
into, 234 

— pp. as such in pure sols., 235 

— tit. by na. chloride, 235 * 

— tit. by iodide starch, 240 

— tit. by na. chloride in presence of k. 

chromate, 241 

— sep. from metals of Gr. I.— IV., 

Index, 456 

— sep. from metals of Gr. V., Index , 463 

— preparation, 106 

— preparation of pure, foot-note, 235 

— use as reagent, 106 

Silver bromide, properties, 166 

— pp. in bromide sols., 362 
Silver chloride, properties, 139 

— conversion of ag. salts into, 232 

— pp. in ag. sols., 232 

— pp. in chloride sols., 354 
Silver cyanide, properties, 141 

— pp. in ag. sols., 234 

— pp. in cyqpide sols., 373 
Silver iodide, properties, 167 

— precipitation, 365 

Silver phosphate, properties, 162 
Silver sulphide, properties, 140 

— pp. in ag. sols., 233* 

— pp. in sulphur sols., 382 
Soda, est., 175 

— sep. from other alkalies, Index, 407 

ioda bisulphate, prbperties, 115 \ 

— preparation, 100 

— uses as reagent, 100 

boda carbonate, properties, 1 1 6 

— conversion of soda salts into, 176 
boda hyposulphite, tests of purity, 96 

— uses as reagent, 96 

— preparation of standard sol., 371 
Soda nitrate, properties, 115 

— conversion of soda salts iuto, 176 
Soda sulphate, properties, 1 1 5 

— conversion of soda salts into, 1 76 
boda lime, preparation, 108 

— tests of purity, 108 

— uses as reagent, ro8 
Soaium chloride, properties, 1 15 

— conversion of soda salts into, 176 

— preparation, 106 
te8 t8 of purity, 105 

~~ uses as reagent, 106 
‘Odium and pt. chloride, properties, 116 
oodmm silicofluoride, properties, 116 
bolution, 58 © 

Standard solutions, 88 
btrontia, est., 184 
8 *P- from alkalies, Index , 413 
sep. from alk. earths, Index , 418 
btrontia carbonate, properties, 120 

22 Con version of sr. salts into, 185 
r 7 $P. in pure sols., 185 

rontia sulphate, properties, 120 

23 c °nversion of sr. salts into, 185 
Pp. m pure sols., 184 

c rontium chloride, preparation, 98 
u ses as reagent, 98 


Sulphates, analysis, 303 
Sulphides, analysis, 383 

— by nitrates, 383 

— by chlorates, 384 

— by chlorine, dry, 3S4 

— by chlorine, 'Vet, 388 

— by hg. oxide, 386 

— by nitric acid, 387 

— by k. chlorate and hydrochloric acid, 

3*7 

— by k. chlorate aud nitric acid, 388 

— by aqua regia, 388 

— by bromine, 388 
Sulphites, analysis, 296 
Sulphur, est., 380 

-7 8e P- as such from sols., 389 
Sulphur, tit. with soda arsen ate, 382 

— tit. with copper, 3S9 

— tit. with silver, 389 

— tit. with iodine, 381 

— sep. from metals, 383 

— sep. from acids of Gr. I., 501 

— sep. in silicates, 503 

— sep. in carbonates, 503 

— sep. from chlorine, 513 
Sulphuretted hydrogen, est. of gas, 380, 

, , , 3*3 

Sulphuric acid, est., 298 

— est. in presence of sulphates, 304 

— tit. by ha. chloride, 299 

— tit. by lead, 303 • 

— sep. from other acids, 495, 501 

— sep. from bases, 303 
Sulphurous acid, est., 296 

— est. as sulphuric acid, 297 

— tit. by iodine, 296 

— preparation, 105 

— uses as reagent, 105 
Swedish filtering paper, 69 


TENSION of aqueous vapour, 26 
1 Tin, est., 277 

— solution of insoluble compounds, 277 

— tit. by iodine, 280 

— tit. by permanganate, 280 

— sep. from metals of Gr. I.— V., 

Index , 473 

— sep. from fnetals of Gr. VI., Index , 

. 4*5 

Tin Innoxide, properties, 154 

— conversion of tin compounds into, 278 

— pp. in pure sols., 279 

— sep. from protoxide, 494 
Tin phosphate, properties, 162 

— precipitation, 309 

Tin protochloride, preparation of stan- 
dard sol., 226 

Tin protoxide, sep. from biuoxide, 494 
Tin sulphides, properties, 155 

— pp. in pure sols., 279 
Titanic acid, est., 196 

— properties, 196 

— titration, 197 
Titration, SS 
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IJRANIUM, est., 229 

— tit. by permanganate, 230 

sep. from alkalies, 429 

— sep. from metals of Gr. I.— IV., 453 
Uranium acetate, preparation, 98 

— tests of purity, 99 ^ 

— useS as reagent, 99 

Uranium ammonio-sesquioxide, pp. in 
pure sols., 229 

Uranium arseniate, properties, 157 
Uranium phosphate, precipitation, 3 r 1 

— properties, 161 

Uranium protosesquioxide, conversion 
of u. salts into, 229 
reduction to protoxide, 230 
Uranium residues, recovery, 99 

\y ASHING, bottles, 72 
— rules in, 72 
Water, baths, 44, 46 

— est., 54 
Weighing off, 53 


Weighing, theory, 16 

— rules in, 18 

— by substitution, 1 7 

— tubes, 53 
Weights, 15 

— tested, 16 


71 NC, est., 197 

— sep. from alkalies, 429 

— sep. from alk. earths, Index, 430 

— sep. from metals of Gr. Ilf. and I 

Index , 433 

— preparation, 94 

— tests of purity, 94 

— uses as reagent, 94 

Zinc carbonate, properties, 12S 

— pp. in pure sols., 19$ 

Zinc oxide, properties, 129 

— conversion of zinc salts into, 19 > 
Zinc sulphide, properties, 129 

— conversion of zinc salts into, 00 

— pp. in pure sols., 199 ' 
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